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;t,^^Mi5 students taking a re^Mikr course of iiistnicUoii in Machine Coimtrnction and Drawing iu a day Engineering School 
^^liniml CcvUege supplement tlie instniL'tion given l)y working from isucli a l»ook as the Author's "Macliine Design, Constructi 
Drawixig.*' On the other haiid, most evening students, dm*ing their first year or two, prefer something more jiortahle 






expensive ; so, coufonning to many requests, and encouraged hy the flattering way in which Ms " Machine Dtssign," 



^^^ri received in this country and in America, the Author has been induced to prepare tliia hook, in the hope that it may ser 
*® Qoi up-to-date and siiitahle introiluction to tlie auhject, and lead up to his more advanced work. 

In arranglDg the contents of the book, the Author has devoted the first six chapters to the drawing part of the subje 

^Ud, guided by his extensive experience, lie has treated it in such a way that an inteUigent heginner should find it easy 

le^t*^ the art of making working ilra wrings of simple pieces. The ix^maining chapters treat more particularly of matters relati 

^^ cletails and niacliine parts. These are either shown with suitable proportions for various sizes, or are fully dimensioned wil, 

^Ub object of making them nseful to the young designer or fit for drawing exercises; and occasional suggestions are made as to ha| 

^^eli dra'wiugs can be l>est taken in hand. To further assist students and instructors in this direction, suitable drawing exerciaj 

^re given at the end of most chaptei*s. There are further interesting drawing exercises in Chapter XX lY., suitable for nid 

^Vajiced students, consisting of various engine and machine parts, many of which have appeared in past Examination Pape^ 

^ the Polytechnic, and a few have l»een selected fmm recent papers set by the City Guilds iu MechaTucal Engineering, and hy t| 

^^rd of Education in Machioe Construction and Drawing. The Examination Papers for 1906 and 1908 sot l>y the City GuiU 

*^d the Board of Education also appear at tlie end of the b«3ok. J 

There are also, at the end of most chapters, sketching exercises given, as many of the figures lend themselves to the practlj 

«^ this indispensalde art. Indeed, too much importance can liardly be attached to the cultivation uf that clear fi-eehand sketchioi 

D&ving ui itself nearly the accni^cy of scale tlrawing, which is such a help to the chief diaughtsman in rapitUy conveying hj 

ideas. In fact, even a junior draughtsman is expected to sketcli with facility. Judged from an art point of view> tliere can be ij 

^louVit that the standard of mechanical draughtsmanship has been considerably hnvere(i since the days of our gi-andfathers, and t^ 

Tnotlern practice of first setting mit working drawings in pencil, tracing them, and making photographic prints from the ti-acings t^ 

ttSttin the shops, has still further lowered the standard. For in ordinary pi-actice mechanical draughtsmen are no longer called upd 

I to prorhice drawings with delicate, beautifully joined lines, soft and rich shadows true to geometry, with crisp and dainty surfacd 

such as chai^acterized Mr. David Kirkaldy's superb sections of the SS. JWsia, exhibited in the Royal Academy over half a centni 

Ago, and now adorning the office of his famous son, Mr. W. G. Kirkaldy. How^ever, although it rai-ely happenB in ordinarY ^^::?^*^ 
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that finislied drawings are made, most draughtsmen very properly like to be ahle to turn out a drawing nicely tinted and fimsh 
ofl' with shade lines; but in the or«iinary way the student must fust niaster the somewhat difficult art of making a finished peneL^^ 
drawing, with every line sharp and distinct, and the figuring and lettering bold, neat, and accurate; if this is to be don© duriu^"^ 
an ordinary college course, unless a student has a marked aptitude for artistic work, there is little time availalde for making prettj] 
or show drawings, and if encouraged to do so systematically it is at the expense of progress alnng more useful lines. Eve: 
student should be encouraged to become proficient in making neat and accurate tracings expeditiously, and uj) to a certain poini 
the observing ones^ whilst acquiring this useful art, will he able to become familiar with many interesting details and with t' 
usual methods of figuring and lettering drawings ; but only very exceptional workt-rs eoukl survive a long course of tracing, 
for it tends to blunt the per€ei>tions and stifle tlio i*ower8 wMch are reciuiied tu make good draughtsmen and clever designers. 
Indeed, tracing has been defined as "a diabolical invention for destroying draughtsmen during the process of their incubation/* 
Now, although mechanical draughtsmen are no longer called upon to produce highly finished drawings, they are expected to 
be able to transfer to ])aper any ideas of their chiefs or tlieir own, with quickness combined with neatness in such a way that every 
detail is clearly defined to scale and accurately dimensioned. 

It is not usual fur writers to refer to sucli minor details as ruachinc and lever handles, so that young dmiightsmen are oft-en 
left to their own resources to guide them in such matters, therefore a chapter (XI 11.) dealing with them has been included. 

In recent years much attention has been given to roller and ball Itearings, particularly in motor-car work : so the construction 
of these, and the principles which govern their design, are explained in Chapter XVIIL 

In Chapter XIX. the recent and imt>ortant improvements in spur gearing are described, and although the greatly improval 
helical gears have made mortise wheels practically obsolete, the consideration that we shall for some years to come still be using 
some of the old plants led the Author to include mortise wheels in this chapter. 

In Chapter XXVI, will be found over one hundred questions relating to the subject, smtable for examinations or for home work 
pm'poses. 

The Author is indebted to the technical press of England and America for some of the information he has found so useful, and 
whenever he has drawn from such sources or from technical works, or the Proceedings of scientific and professional societies, he has 
ende^voureil to suitably acknowledge it. In his own training and in writing this book he feels particularly indebted to " I )er 
Konstruckteur," which the genius of Reuleaux gave to the engineering world, and to Professor IJnwin's '* Machine Design," He 
has also made references to Professor Gomlman's ailmirable and well-known work, " Mechanics Applied to Engineering.*' 

The best thanks of the Author are also due to the engineers and firms wdio have kindly permitted him to use their copyright 
illustrations, or have supplied liim witli information relating to their specialities. Ami he cannot refrain from expressing his hearty 
appreciation of the patient industry of Ins friend, Mr. E. G. Davey, A.^I I.Mech.E,. who made the drawings for most of the 
illustrations in the book from the Author's rough sketches. 




HENRY J. SPOONER. 
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R&0 ENT Strket, Londok, \^^ 
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[o assist in selectiDg suitable drawing exercises the following particulars are given. The first twelve exercises are fairly progressive, the 
tder in which the others are taken may be varied at pleasure. The break in the continuity of progression was made as it appeared to be 
Siore convenient to group .similar parts together as far as practiwible. By the time the student has worker! the twelfth exercise he or his 
H^tructor will experience no difficulty in selecting suitable ones to follow. 

! As the student progresses he will be able to make use of the various tigures, whose proportions are given in tei'ms of a unit, for further 
^drawing exercises. In the exercises at the end of most chapters suitable exercises of this kitid are suggested* 
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CHAPTER I 

DRAWING INSTRUMENT8, MATERIALS, ETC. 

\ Hints upon the Selection and Use of Drawing lEitrEments, Materials, etc,— The student, having decided to study and practise any 
)tind of mechanical drawing, rei|iiires to know what instnimenta aad materials are necessary for the work, and the kind to be obtain^ed, 
?o order to produce satisftictory drawings ; hnt, unfortunately, he often becomes possessed of inferior materials, and a cheap ** set "of 
^Instruments of foreign mannfocture, which are often badly made and for practical purposes almost useless; in trying to use these he 
'i^udicaps himself considerably at a time when he ought to have for his use the best inatruments that can be uiade. 

It is only necessary to visit any drawing-class and examine the work done and the instruments used, to trace the connection 
^tween cause and effect in this matter ; indeed, if a student who has been studying mechanical drawing for some time fails to ma'" 
P^'^per progress, it is almost invariably due to the use of faulty instruments. 

The student who only wishes to buy those instruments necessary for the making of a pencil drawing, wiU require a 5" or i 
'^^^pass with pencil leg (double*jointed and with lengthening bar prefeiTed), a pair of 4" or 5" dividei's, a bow pencil fitted to hoi 
J^all circular blackleads/ a 12" rule, preferably a steel one, divided into inches and parts (J to 64th8, and lOths to 100th8),a drawing 
P*^^xxl, a T-square, a pair of set-squares, paper, pins, pencils, and indiarubber. The okl-fashioned parallel ruler cannot be relied npoj|^ 
^ ^act it is obsolete, but parallel rulei-e of the roUerform are very useful for many purposes. HI 

Ibe mor« oxpenfliYC in atr amenta ur^ fitted with iio«dlt!-pomts, which ary preferred by some ekilled druughtemen, but uoleBa thoy are mAoipulnted with icreyt care 
^ aw well fitted with '^bolt and liiit" arrangemeiit, with shouldt-rfl to prevent tbe points ent<?riiig im fur into the paper, the orditinry wnical points are profemble. 
Tii% latter, in any caae, are best for beginnerB, why lack tb© ligbt bund Deccfisary for maBipulftting ueedle'iMjintii proptTly, 

8. Drawing Board.— This instrument is used for holding and supporting a sheet of paper flat, whilst a drawing is being made 
upon it. Care should be exercised in its selection, or trouble may be occasioned by its becoming twisted and out of truth, after very 
Vvttie use. There are many kinds of drawing boards, but the " Battened '' form is the best, and need only be described. Fig. 1 shows 

* A few Ahillinge wilt now buy a imall &et of very weU-made iuBtmment» of tbo EuKlisb typ**, with which much useful work c*ui be done^ 
vfA be compared with the heavier and better iuBtrumeuta turnip out by the bt*at En^rltah makers, which uvery atudt^ut ahooj^""^"" 
e^(s& if Ite has to buy them separately from time to tunc. 
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one of these boards, Tliey Bliould be made uf well-seasoned pine, plooghed and tongncd together, and ^Tooved half-way throiigli 
upon the back as shown, being fitted with chamfered battens or ledges uf mahogany or oak, to jtreveot tfie surface from twisting* 
The battens are fbted at their centrei to the back of board with screws; and fitted with brass slots let into reeesses, and held by 
cheese-head screws to admit of expansion and contraction of the board with variations of temperature and moist ore. 

The left-hand edge of the board usually has an ebony strip (which is smoother and harder than the end grain of the soft wood) 
inserted in it, for the stoclc of the T-square to slide upon, This strip is sawn through about every inch of its length to admit of 
expansion and contraction ; and projects from ^\" to J'' beyond the end of the board, which is usually 
varnished. 

The surface of the board may be slightly rounding, viz, convex, from the top to the bottom edge ; so 
that a hollow is not formed under a sheet of paper pinned or stretched upon it. The dimensions of a hoard 
most suitable for the exercise work of students is about 24" X 17", which takes the half of an "imperial* 
sheet of paper, or a ** medium ** sheet. But for drawing ollice work, a ** double elephant " (40'^ X 26 j") * 
generally used, and for specially large work "antiquarian" (53" X 31") is used, these dimensions allowf 
about 1" mai^gin between edge of paper and board. Drawing boards for ship work are usually mi 
100" X 31" of 1,1" pine, 

3. Working Position of Board. — The di'awing board when in use should be tOtod to an angle of about IS'^^ 
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Fifl. 2,— Two forms of bloclu for tUtiag 

boRTd. 




Fio. 3*— Eoglifili shApe T^imu«. 






with the aid of looodcn Mocks, two forms of which are shown at A and B (Fig. 2). Two blocks are used for each board, one 
placed under each batten. 

4, T-Square. — This instrument is used for drawing long lines perpendicular to an edge of the drawing board ; and Fig, 3 shoi 
the "English shape/' which is best for general purposes. It is made of well-seasoned pearwood, maple, or mahogany. Those or 
pearwood are the cheapest and answer very well for rough use in a school, but the mahogany ones, with the working edges of ebony, 



with the pores of the wood stopped with shellac and alcohol and polished (not varnished), are generally used for ofhco work, and 
should always be used by those who can afford them. An enlarged section oi" the ruling edge, w^hich should be about j*,-" thick, ia 



shown at A on Fig. 3. 
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DRAWING INSTRUMENTS, MATERIALS, ETC. 8 

6. To tMt « T-iqnare in order to lae that iti Edge is StrAight.— A litie ahould be diawn, ueiiig a finely aharpened chUel-pointfKl pencil (ae ibown in Fig. 10» liold- 
iag ilie pencil quite close to tlie edge to W teBted. Tben Cum the equare over (not end for end), and bring it up to tbe Hne, and aeo if tbo edge now ooinddca with it. 
If »o. the edge ia slraight, 

6, To teat whetber tbe Blade is Square with the Stock.^ — Draw a Hue BC, Ti^. 4, upon u aboet of puper fa.flteiied to the boards patftllel to the left-hand edge: at 
tbe luifldlr of the line tt8»ume a point A. mid murk niViiUive and below it All = AC, Take B and C ag centre*, and n rudinB so as to interaect at a diataut point C, 
H<»B*c lo ri^htbund edge. Join AD, Tlwu plto'u th« »toek of the T-aquare uguinsi thn left-hand ed^^e of the bovrd, and, sliding the ttquaro along that edge, aee if the 
^ge of the blade correal Hindu exactly with the line AI>. If it doea ao, the blade ih <*quare with the atock. 

7, Set-Squares.— TliLise nm riglit-angletl IriaDtrles. They are niaclo of various materials— sucli as pearwood, mahogany, and other 
W'oods, vulcanite, transparent celluloid or pelhicid, aluiiiiniiau, and steel, and are used for drawing short lines perpendicular to, 
parallel to, or at the angle of the square to one another, in conjunction with a straij^ht edge, T*square, or another set-squtire» 

Two set-squares are generally used, the usual angles and most useful si^es for which are shown in Fig. 5. 

Set-squai'es of pearwood ai-e cheap and useful (if the angles ai-e coixect) for students* use, hufc they are et^ily soiled, and often 



+ 







Fio. 4* — Teatifig T-aquare* Fio. 5. — The two a€t-«M:juarea. 

^^Tp and become untrue. They are not to be compared with those made of transparent celluloid, which on the whole should he 
l^^eferred. 

B. To teat a Set-Square.— A eet-equare may he teated to see whether the right angle is correct by placing it against the edge of a T-aqnare, as ftbown at E, Pig. G, 
^^ drawing a fine line tJH againat the vortiwil edge. Withoiit moving the T-eqiinre, turn the set edge over, as at F, and bring it op to the line GH to see if it 
^icidea with it. If not, ii ghonld be altered nntil it doe». 

S- To teat the 60^ Angle, — From a point U on the line AB, Fig, ti, deecrihe a Fc-micirclr t'D, radius abont Vl*\ snd nt G, the centre of the ^emiciroIeT erect a per- 
P^iidifuliir GH. Frtim ptiint C with rftdiua of circle ont the aemieircle in J. Join JC^ then the angle JCG i& (jO"» and it nfkn ho naed for testing the tJO ' angle. 

If J be joined to D, the angle ADJ will bo 30"^, which can be naed fur teittin*^ the W" angle of the §et-Hqnare ; bnt it follows thul if the right angle (00*^) is correct, 
^ the t>0' an^le als^i, the remaining angle must eqoal 'AiP, as the three angles of every triangle eqnal 180^^ or two right aogleii. 

Again, if the nnglee are eorreetly formed, the long shmt edge (hypotenum) ia exactly twice the length of the short edge (baae). 

The t5^ af*t-BqiiAre may be tested by bisecting the angle llitD in L and joining LG. Then angle LflD is 45*^. 

Or» aguin, if the right angle of the square ia correct, and the two edges adjacent to it are of c^nal length, the angles wilt be 45^. 

10, Drawing Paper. — Two kinds of paper are generally used for drawing purposes, viz, ** Cartridge" paper and ''Drawing* 
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pap^T, *' Cartridge '' or " Machine-made 




drawing paper is used for making details and full-sized working drawings upon. So] 
is sufficiently transparent to be used for tracing paper for large 
It is much cheaper than '' drawing paper/* and can be obtained j 
in sheets of various sizes or in rolls np to 62" wide and 60 yda 
rendering it extremely useful for diagrams, etc. This continuous 
as it is called, can also he had mounted on canvas to withstand roughj 
The better quality is of a white colour, and the inferior is of a yei 
tint The unmounted cartridge paper has two surfaces, a rough 
smooth one ; the smooth surface is the proper side to draw upon, 
usually the front side when the water-mark ' can be read correctly on U 
the sheet between the eyes and the light. j 

Cartridge pai>er does not usually take tints of colour even| 
with good paper and care, a very fail' effect can be obtained in 



tints. But this paper ia most suitable for line drawings. It < 



obtained iu 
makers :— 



the following sizes, which vary slightly with 



Dimensions of 



Copy . . 

Demy 

Royal 

Cartridge 

Elephant 



Cakteidge Papees. 

i lichee. 

, ... 20 X 16.1 

, . . . 22.1 

. ... 25' 

. . . , 26 

, ... 28 



Fig. 6.— Tutting eut-aqui»rea. 

Dimensions of Drawing Papers. 

Demy 20 x 15t 

Half-imperial .... 22 x 15 

Medium ...... 22 x 17i 

Boyal 24 X 19" 

Super-royal 27 X 19 

Elephant 28 X 23 

Imperial . , . . , 30 x 22 

Colnmbier 34J X 23^ 

Atlas 34^ X 26 

Double elephant .... 40 X 26^ 

Antiquarian .... 53 X 31 

Emperor 66 x 47 

11. Whatman*B Hot-pressed Paper. — For drawings that are to be finished in ink, without coloiu*, the '* Hand 
paper known as Whatman's '' Hot-pressed/' H.P., *' Smooth *' or "Rolled'* mrfacc, is most suitable. 

' The beat qufllitiea only are wator-mtirked. 



Double crown 30 

Imperial ...... 30 

Double demy 35 J 
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This paper should also be used for drawings when very fine lines are a necessity, and but little colour is requii-ed.^ 

12. Whatman's N,K?. Paper. — For drawings which are to be coloui^d or shaded, or are to stand frequent erasing of lines, Whatman's 
N.B.P, (not hot-pressed) or rough mir/ace is to be prefen'ed. Its surface will take a fairly fine lioe, and tints can be laid very evenly 
upon it. The proper side of the paper to draw upon is that upon which the water-mark of the maker's name can be read correctly 
when the paper is held between the eyes and tlie light. This side is generally a little smoother than the opposite one. 

13. ftuality of "Drawing"' Paper. — Drawing paper, either hot-pressed or not hoi-pressed, is made in various thicknesses, namely, 
thin, medium, thick, i\dra thick, and extra extra thick. The medium quality is that generally used for ordinary work. These papers 
can also be had in continuous lengths, and mounted on union, or white or brown holland ; it is then sold in rolls, or by the yard. 
The two sizes of paper most used in drawing offices are ^'imperial/' 30" X 22", or '* double elephant," 40" X 261", but if a smaller 
sheet is required an *' imperial " one is usually halved. 

14. Pencils — Bifferemt Kinds and ttualities. — The student should only use blacklead pencils of a good quality, such aa Staoley's, 
Faber's, or Hardmuths' prepared lead, or Cohen's Oumherland lead ; inferior makes should never be used for drawing purposes. The 
following ai'e the requirements of a good pencil for mechanical drawing : It should l>e modemtely hard, of even colour throughout, 
find durable enough to retain a working point for a long time. It should be easily sliarpeued, not liable to roll oil' the board and 
iiijure its point, and the lines drawn by it should be easily rubbed out. The ordinary round cedar*covered blacklead pencil, shown 
^t A, Fig. 7, of good qiiaEty, is a serviceable pencil, but it easily rolls off the board. To retard the rolling action, some pencils 
^ made hexagonal (Fig. 7, B), whilst Messrs. Stanley & Co. sell a pencil of 8|jecially prepai^ed lead, the wooden cover of which 
^ made elliptical, as shown at C, in which this latter defect is removed. The lead of the pencil is rectangular in section and 
stould be fixed in cover, as shown,*^ in order that the woi^d may properly support the lead, and enable the pencil to be held 
finnly and the point seen easily when in use. Many draughtsmen use the small solid lead (about j\. of an inch diameter^ shown 
at D; and made by Messrs. Faber, Hardmuth, and others)^ fitted in a holder, forming what is known as an artist's ever-pointed 
pencil, Fig. 8. 

A holder of this kind can be used for years in skilled hands, but the beginner is apt to strip the screw thread when adjusting 



B 



© ® ® 



D 



a 



mc^- 



Fig. 7.^ — Seotionfi of blacklead {pencils. Fia. 6. — Ai-tiflt^a aret^poittted ponciK 

^tie Iciid, and the instrument becomes worthless, but with proper care the pencil can always be maintained at one length, and be 
^«ily sharpened, preferably on a smooth file or piece of glass paper; the load can then be used up to quite short lengths, Avhich 
^^ then available for use in the pencil compasses, thus maintaining an even coloui" of line throughout the drawing. AH the liest 
l^Uty modern instruments are fitted to hold these leads, but many of the older and cheaper forms are fitted with pencil holders 
*'!" various sizes, and it is difficult to obt^iin a cedar-covered pencil of suilicient hardness to fit them ; these pencils are also more 
clumsy and difficult to 9har[>en. 

^ Unstretehed paper takes a finer ink line than when Uie paper is stretohed. 
* Such petioik are oocaBLonaUj to be leen with Iho thick part of the lead coinciding with the thin part of tho oovef , 
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15. Degrees of Hardness, etc. — Pencils are made io various degrees of luirdueas, varying fk»m BBBB (the softes 
HHHHHH (the hardest) in wood, and No, 1 to 6 in the solid lead. 

Usually No. 1 = BB. No, 2 = HB. No, 3 -= H: 

No, 4 = HH, No. 5 = HHH. ^No. 6 = HHHH. 

No8. 4 anil 5 will be found most xisef ul for uixUnary work. 

16. How to sharpen the PenciL — For line drawin^^ the pencil should Ik? Hlmrpt^neil lo a flat or ehi^el i»oint, as shown i 
Fig* 9; this gives a strong point, which retains its Bharpness longer than a round one. and it can be worked closer up lo tl 

sqnareiji, and is more easily sharpened, with tlie added advantage that the lines ai 
C^^^ more equal in quality. Needless to say, it is used with its flat side laid against tli 
edge of the T or set squam. To ujakc a fiat or chisel point to a wood-covei*ed peooi 
the wood m first cut away, and the In^st way to do this is to hrdd the pencil, as show 
in Fig. 10, between the thundj and Jirst finger of the left fiand, and to rest it upo 
the second finger, which should be turned upwards, while the itenknifo (which shoul 
be sharp) is held in the four linger.^ of the right hand, which should Ijc turned dowi 
wards, the thumb of this hand being jdaced under the pencil to steady it, as showi 
A little [practice will enable the student to cut a good point with precision and facilit; 
as ho lias jterfect control over the knife, which, should it slip, moves away from the hand. The lead part is best sharpened b 




Fig. 9. — UhiBel-jwinUHl puntsif 





Fio. 10.— Knifing pencil point. 



I' ici. 1 1 .^Filmg pencil pi>int. 



nibbing it upon a smooth hie, as shown in Fig, 11, after which a stroke or two upon a piece of paper gives it a good finish. 

A 6" smooth hand file, or a 4" or 5" triangular saw file, should be prefened. If a file is not available, a piece of fine emei; 
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►per or doth, **F'* or ''FF,*' or glass paper, ''O,'* fastened to a strip of hard wovd about 6'' long, 1" wide, aod i" thick, is a good 
'^bstitute, or small blocks, coiitaiuiDg about IrJ Biirfaces of glass papt^f, especially made ft>r pencil 8hari>eDing, may easily be 
obtained. Tho latter ara very useful for giving the pencil a finer point than can be made with a knife alone, and when the 
Rurfaee is worn the damaged thickness can be torn off and a fi-esli surface exposed for use. However the point may be 
produced, a few strokes on a piece of blotting or soft jMiper will give the point a beautiful working edge. Short pieces of 
pencil — under 3" in lengtli — should not be used for line drawing unless fitted into a rigid holder, as sufBcient command cannot 
W obtained over them, 

17. Compass Pencils. —The points of compass pencils altould be made narrower than for straight-line purposes, an<l must be 
carefully adjusted so as not to draw a thick line ; indeed, the beginner is mon? likely to do better work with a conical-pointed 
l^d in his compasses. It is not enough to start with a good point, its sliarpness must he ^i«i7t^«t?i«rf, and this requires constant 
attention. Xs soon as the lines appear to be too thick, one or two stirtkes of the pencil upon the sharpener will restore tlie point. 

18. The Gonical-poiiited Feacil.— For the making of freehand sketches, dimensioning, or descriptive wTiting upon a pencil 
^Irawing, it is desirable to u.se a soft^^r pencil than that used for line drawing (such as a Na 3 or 4, or H oi- HB), and to sharpen 
it ton long conical j>oint, as showm in Fig. 12, 

~ A B 



mp 



T 



T 




Fm, 12, — ConicaUprfinted poncU, 



Fig. \X — Three diffferent furm§ of dniwiiig pint. 



Fio- I i— Horn iincl metal oentrea. 



Several pencil shiiii^>euers are sold for this purpose, luit they do not produce a good long point, such as draughtsmen pride 

hiaselves up<in, and whicli can be readily made as previously explained. Th: 2>oint shoidd on no accottni hr vioistcned when 

pi. as marks made by it in that conditirui are very difficidt to erase. 

19, Drawing Pint. — To secure tlie paper to the drawing board either drawing pins or paper clips are used, or, if the drawing 

very important one, the paper should be stretched; particnlaily is this necessaiy if the drawing is to be highly finished by 

and colouring. 



are many kiorls of drawing' pitiH, ilircc of which are uhown in Fig. IH. 



That at A cotidetfl of a brass head, wilb milled cdgea* with a eteel pin screwed 

~ ^ ' ing flat upfm the |>aper, 

unscrewing from it, and 

) of the point doei not euubii^ it to liold welT into the btjard. 

i one fi.liOwn ut B ie formed of n dm^ of brntis or dcetrum, turned cireuUir to the sectbo ftliown, and has u steel pin; tho head ie abmit </^" thick ai tlie centrOt 

iipp<ir BUrfaoG ia convex, und thinned towarda Iho ©ilge, which is ronnded and milled^ bo that the tiiumb-nail can he ofled for rtioioving: it from the board. 

»\vn at C is §iniihti-ly made, only ite nppur wiirface h flnt and bcvtdlod iimtead of beinj? rtmnde*!. 
two l»tti?r form^ are those gent^raily usud in drawing fjflioes, luid they are reoommLudod ; the most nHeful sizes are i 
~~ - ^_ . ^ . .- -^ ^^^^ ^^^^ jm'vontinjr the centre pjiiit of tho cwmpii^ees fmm making a large 

I d^ieribed from the t>ume centre. They cou^i^t of emuli discs of tniimpart^nt korn or of electmm, as tihown ut 



id into it. This furm projeoU to^i mneli above the »urfueo of ih© paper, the height of the head preventing the T-fl<]iiu.re from lying flat upcni the |>aper, 
f edge of the T-square is injured by earning into contivct with it The pin-ptjint is oftt^n badly fa»tenfsl into the head» frequently una 
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21. Indiambber. — The ordinary dark coloured native or bottle indiarubber is best for removing pencil marks when 
blacklead has been used, egpecially if the drawing is to be colouredj as it does not injure the siu^faee of the paper when 
used, and if the rubber becomes dirty or sticky with use it can easily bo rcstoi-ed by boiling in clean water for a sh 
Fine vulcanized grey or white indiarubber is very largely used, especially for blacklead pencil marks upon machine-made 
the lines of which are bard to erase, but cai-e should be taken that the rubber is soft and not too highly vulcanized or 
the surface of the paper will be injured and rendered unfit for colouring purposes, I 

22. McaBUring Eules. — A 12" steel rule, divided into inchoSj with divisions of Sths, 16ths, 32nd9, and 64ths on one! 
and lOths and lOOths of an inch on the other, will be found usefuL The more simply a rule is marked the better for od 
use, especially when fm^ign measures are concerned. It is much better to use separate rules than to crowd a number of di| 
divisions on a single one, wliicli often lead to serious eiTors being made. This steel rule should be plated with nickel, or aq 
of platinum, the former prevents rust, and the latter rust and also discoloration. 

Care should be exercised in placing the points of the compasses upon a steel rule in a normal direction, or they i^ 
injured. Fig. 15 shows how, by ioclinin*:! the compasses to the ride, the sides of the points may be made to rest in the €| 

di\isions without injuring the points. The figure also shows ho( 
compasses and rule should be held if the right hand is to have col 
command over the former in adjusting the points to take off any rei 
dimension. An edge of the rule may also he directly placed on \ 
and a dimension pricked off by sliding the pricker down the dii 
of the rule, but this requires great care. The accuracy of the stei 
and its durability make it superior to any other at the command i 
draughtsman. As the student and draughtsman are now so freqi 
called uiK»n to set out work with metric measui-ements, there is no j 
wliy the back of the steel rule should not be divided into centimetrt 
millimetres. 

23. Drawing or Euling: Fena.^ — In most full sets of instrumenta 
are two ruling pens, a large one and a smaller one, called a Jine I 
pen. Tlie best type of these pens hjoiukd, so that when the screw ia; 
out one of the nibs can be moved away from the other about its hil 
joint for cleaning purposes. The cheaper pens are made withouj 
joint, and there is a tlifficulty in cleaning them. This is best done i 
case by dmwing an edge of a damp duster betwt^n the nibs and not by scraping them with a knife or file. All pens mi 
frequently cleaned when in use, and should never be put away without being completely fi^ed from ink and dirt. They i 
also be sufficiently unscrewed to prevent the nibs rc^raaining in contact when not in use. 

24. Indian Int — It is well known that ordinary writing ink ia um^uitable for use on drawings, as, although it ia\ 
or less indelible, it has not the blackness and body that are considered necessary, to say nothing of the corrosive action o| 
inks on steel, which alone would preclude its use in the ordinary drawirt^ pen, In addition to these objections it runs ^ 




Fia. 15. — Application of oompoflfiea to rule. 
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from the pen and blurs when touched by a brush in colouring. The only ink that satisfies all the draughtsman's requirements 
is known as Indian ink; this ink, when properly used, produces a clean, dense, jet-black line, and, being free from acid, it does 
i^ot corrode the instTuments : it can be had either in a solid or liquid form. 

The quality of Indiati ink difera very mtiob, but if good the atiok wiU biLve a browoish glazed appenrftnee at the end after being used. 

25. Liquid Indian Ink.^Sorae makes of this ink are very good, but the majority are very indifterent. It is often purchased by 
aiutlents because it m cheap in iirst cost (6rf, or Is. per bottle) and saves the trouble of mixing. But as a rule it is not so black, 
is liable to dry up and deteriorate in q^uality after being opened, and the lines drawn with it lack the beautiful jet-like appeamnce so 
characteristic of good Indian ink ; it cannot be used for shading purposes with much success, and the bottles are liable to get upset, 

26. Colours, etc. — ^The best water colours only should be used for tinting mechanical drawings; these may be obtained in 
cakes, hexagonal sticks, or small pans, and as very few will suffice for the student to begin with, it is of no advantage to 
ptirchase inferior ones. If cake or stick colours are used, they are ground up with water in a saucer until of the required depth 
f^f tint. Moist water colours in pans are to be pi-eferred for students' use and for drawing office work. The pans in which the 
colours are placed are of china or porcelain, covered with a suitable wrapper, which should not be removed, but cut through 
three sides at the top of the pan with a sharp penknife, to form a lid to protect the colour when not in use. 

The most useful colours and the materials they are used to represent are given below. The first four wDl suffice if only 
ordinary metals are to be indicated ; the others are required when tlie other materials of construction are to be shown in colours. 

Prussian blue , to represent wroiiglit iron and dimension lines 

Payne's .grey „ oast iron — 

Crimson lake ^, centra and datum lines H 

G^inboge, or Indian yellow „ brass and gunmetal ■ 

Yellow ochre „ stone I 

Sumt sienna ,, wood I 

Sepia „ leather I 

Lifht red „ brickwork I 

Indigo lead ..... „ lead I 

Burnt umber „ packing m 

French ultramarine . ,, water ■ 

Prussian blue and crimson lake ,, steel 

27. Saucers for mixing Colours.— Saucers for mixing colours in are of various kinds; but the most useful ones for students 
<>fl5ce use are the cabinet nests of white china, which are sold in sets of five and a cover. They vary from 2g" to 3|" diameter, 
' largest sixe being most useful. With these saucers, colour left over from a previous wash can be lemixed and used up. 

It can always be kept out by piling them up together and putting the cover on. 
M. Brushes, — For colouring drawings the student will require at least two brushes^ the most suitable being a ** middle 
'^An** and a ** small goose/' preferably of red or brown sable hair. He will also require a camel-hair water brush of about 
'^Jirgeswan" size, for Imnsferring water to the saucers, etc. 

c 
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29* Printing, etc. — The following style of lettering, which should be neatly written with an ordinary^ writing pen, is most suitable 
for notes or remarks on a drawing : — 

a h edefg h ijk Im n op qrsiu «? wxyz 

In drawin;]^ office practice it is usual to stenciP lieadings and titles, oto., in plain letters, such as the following, the si^e 
varying from i" to f , acconling to the size of the drawing; for example, the heading or title on umlium or roijal size sheeta would 
l>e in good proportion if made with f " or }" letters, or with ^" afid i" letters for imperial and double elephiint respectively ; and suah 
titles (Lsi plan, ekvfUion, etc., with J'' or |^*/' letters: — 

ABCDEFQHIJKLMNOPQRSTUVWXYZ 

1234567890 

Although most of this printing is done by stencilling, students should endeavour by practice to do it neatly by freehand* 
to enable them to proeeed when stencil plates are not availaljle. The equality of printing and writiDg upon a drawing greatly^ 
adds to or detracts from its api>earance, 

30. Working Drawings of macliinery are made in such a way that the form and size of every detail are clearly shown foi' 
the guidance of those in the works. The rule is to make them to as large a scale as pos.sible, generally full size for all 
small details, and ?> and ! full size for larger ones. Such drawings are first carefully set out in pencil and then inked in^ 
all parts cut by section planes being cross-hatched with sectional lines indicating tlie materials they are made of, in accordance 
with the shading shown in Art 61; or, alternately, they are coloured^ to indicate the materials, a,*? explained in Art. 26-- 
The edges of surfaces that are to be machined are usually coloured with a nam>w Imnd of a deeper tint. The next step i^ 

^ A gotKl dvui or ijrai'tioe \s nooeewir}' to cjmbh- tii(> bt«^iii"er i*t do tbia uc'titly. Ho luiiiaUy commfucea by urnking tlit? btfiieil brash too wett whioh CAuae» 
I he iuk to flow betw<-en the atenc il plute and imper The' lje»t exi^dlent Ih to rccesa a pieoe of Indbn ink in ii thin block of wood, aiid^ i\fier weitm^ the bnish, rob it 
mk and woo«l till it h dry cuoujib to u&v. ou tlio plute. 

*m th f- middle of a title whi;D ftfciUfiHiiiK, »ti m to i^^i it qnito «ymiiietricHl with Ibo drwwiog. This can eaaily he done by oomiUng th<F 
^ '* " jil lowing: ono for eaeb intt^rviil boiwc*'n two wnrtU. 

production by photographic print iag inris ot oourae, iilwnya seotion-lined and not coloured. 
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mk in with red ink^ the centre lineB, and the dimension lines with Prussian blne.'^ The anx*wheads and the dimensions 

should be now neatly written with an ordiuary writing or mapping pen, care being taken to make the dimensions bold and neat, 

*o that they can be easily read from the drawing. The valne of a drawing for workshop pnrposes greatly depends upon the clearness 

and accunicy of the figures or dinienBions and the skilfnl way in which they have been airanged. Often an occasional duplication 

of a dimension on diflerent views will save much time in the works. 

In cases where original drawings are not likely to he much used, it 13 the practice of many engineers not to ink them in. 
This, of course, necessitate^s more careful finishing in pencil. Indeed, the beginner sh<»uld not be encouraged to do any inking 
^u work until he has l»ecome fairly |jroticient in the somewhat difficult art of making a good pencil drawing. 

The particulars as to the scale to wluch the drawing is made mud always be clearly shown upon that drawing, not in 
order to enable w^orkmen to "scale it," as sufficient dimensions should always be given to entirely r»!>viate tlds. If there 
IS any probability of the drawing being sent abmad where a different system of measurement is used, or to where it will be 
exposed to variations of temfjeraturu, the scale should always be drawn upon the drawing. Sometimes the scale of a working 
^lavviug has to be reduced to make it suitable for attachment to a speciii cation, or some such purpose ; in such a case, proportional 
5<>^pa«8es may be advantageously employed, the best practice being to locate tlie centre^s of the circles and curves and to ink 
latter in direct, and then to proceed with the straight lines, avoiding the use of pencils as much as possible. 



BHAJ3E LINES AND LINE SHADINa.' 

31. Shade Lines. — The appearance of Jlnishirl dmmngs (which are usually made to a small scale) is improved, and the true 
ptm of j:>arts made more intelligible in a single view, by the use of shade or dark lines, which give an appearance of I'elief to 
«ie various parts. 

Shade lines indicate the intersection of two surfaces, one of which is in the shade and the other illuminated. In ai'ranging 

i^e shade lines, the parallel rays of light are conventionally assumed to come from tlxe left and fi'om behind (over the loft 

f^oalder) towards the object, their phms and elevations making angles of 45' with the vertical and horizontal planes respectively, 

l^eir real inclination to the ground being 'S5^'15 nearly.* Thus, applying these rules to the body sliown in Fig. 16, we have the 

^\ and right-hand edges ah and he, also ef and f^ of the projecting piece of the plan as shade lines ; whilst the rules 

Tilled to the elevation give us the bottom and right-hand edges, hi and ic, as sliade lines. But, it should be explained, the 

Ji»e hi would not be a shade line if the body w^as aotuallv resting on a horizontal surface, as the two surfaces would be in contact, and 

^ upper not projecting beyond the lower. For these reasons //• is not a shade line, but tjk is. These rules applied to a case 

Inhere there is a recess or hole, as in Fig. 17, give us the front and left-hand edges, he and^f/^ as shade lines^ the upper surface 

Ibeitig j^ ll^^^ light or illuminated, and the front and left-band sides of the hole in the shade. 

In dealing with cnrved Burfaocs shade lines are never used to denote their contour or outiines. Thus, in Fig. 18 the only 



' Tbis may be prepared by nibbing <loi 
' Tliiii may also be tnudc^ by rubbing d( 



t)wn a Httlo colour from tbe cake itf eriius«jti liike. 
: dovfn a cake of tlici colour required^ but most dmuglititmen have tbe ua© of bottle* of ftpeciidly prepared red and blue inks. 
' Ajttdoft 31 and 31 u may very well he p&ased over by tbe etudeni until lie htm reached and read Chapter VL 
' ThA ooslne of the angle being obviously the ^^2 -t- Vs. 
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EXAMPLES OF SHADE LINES AND LINE SHADING. 
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^ade line on the elevation of the vertical cylinder is de, the line representing the solid's ba3e,/<7, being a boundary line of a curved 
^^ffn>\ is not a shade line. 

Now, the plan of the cylinder has a curved outline, and the rule relating to such cases is to make the shade line Ijegin at 
the points a and h, at which the projections of the rays touch this outline, and let it gradually increase in thickness till its full 
strength is readied at c, Similarly, for the hole, the sha^le line increases in thickness from m and /i to g. 

The rides we have given relating to the rays of light we shall see are also concerned in the art of Shadings but, strangely 
enough, although generally followed Ijy artists, many English engineers prefer to take the rays of light as shown in Fig, 24, 
^here the rays in plan are parallel to those in devatian; this makes no difference to the elevation, but in plan the shade lines 
Come in front, as shown, instead of at the back. 

31a, Shading by Linai*— By shading a projection of an object its true form can often be rendered intelligible in a single 
^ew. For example, the shaded view of a cylinder explains itself. But, on account of the time and labour involved, shading by 
^tinting is only rarely used, even in finished TnachiTU drawings. However, a similar effect can be easily produced by a few 
Aading lines,^ which are or should be drawn in accordance with the rules followed in shading proper. To commence with a simple 
example, that very often in many forms appeal's on machine drawings, we have in Fig, 19 a vertical hexagonal prism, with its 
front face in the light or illuminated. Such surfaces parallel to the vertical plane would receive flat tints, and the neeurer the 
•Tirface is to the eye the lighter such tints would be, and the shading lines would be equally spaced (between h' and c), the spacing 
^ing increased on the lighter surfaces parallel to the plane of projection, and in the surtaces in the shade also receive flat tints, 
hut the nearer such surfaees are to the eye the darker such tints are, or the closer the shade lines. Thus — 

Surfaces in the light inclined to the plane of projection have given them graduated tints (represented by graduated lines, as 
shown between ah\ Fig. 19), and as such surfaces recede from the eye the tints are made darker, or the lines closer together, as shown. 
Surfaces in the shade inclined to the plane of projection also have given them graduated tints (or lines), and as such surfaces 
^^cede from the eye they are made lighter, or the lines further apart, as between c and d!, Fig. 19, 

When two such surfaces are unequally Inclined, the one upon which the rays impinge most directly is made Ughtest, 
Curved Surfaces.^ — The above rules in the main are followed in shading curved surfaces. Thus in Fig, 20 we have the plan 
M elevation of a vertical cylinder upon which the light falls from aa!* to de\ but most directly at the generator whose plan is h ; 
^^, therefore, as we have seen, should be the lightest part, but succeeding generators from ^'6" to d*d!* approach the eye, and 
According to what we have seen shoidd therefore be increasingly lighter. So, in order to meet both these considerations, it is 
the practice to bisect M in c, and make the surface between VV* and c'ti" the lightest ; in fact, it is usually untinted, and remains 
^Hite, Obviously, the darkest part of the cylinder is at ie*\ so that the shade and shadiog increase in depth from rV to eV^ and 
diminiah from e^' toff. 

A horizontal cylinder, with its axis perpendicular to the vertical plane, is shown in Fig. 21, and the student wiU see that 
^uaikr lines are used in arranging the shading. The case of a vertical hollow semi-cylinder is shown in Fig. 22, and, for reasons 
*<^ have explained, the lightest part of the cyHndrical surface is between the generators VW and cc\ and the darkest at the generator 
^* i the paili between €*g** and /'/" being in the shade. Fig. 23 is a hollow horizontal semi-eylinder whose axis is parallel to the 
Wical plane, and the shading shown Siould now speak for itself. 

* These are only u&ed in ooonection with rounded aorftioca on machine dmwingB. 
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32. Workshop Drawings, — The original drawings are kept in the drawing office for reference purposes, and copies only, pr< 
in various wa.ys, art^ used in the workshops. The most direct way of copying a drawing is to trace it on a sheet of tracing pa] 
nr tracing cloth, and, if more than one copy is required, the tracing is nmd to prodnco blni' prints by Hun-pnntinii;. 

There are several photo-copying processes used for reproducing copies, or blue prints, by heliography, or sun-printing as it 
called, in which the tracing is placed in front of, and in close contact witli, a sensitised sheet of pafier, both being damped in a gh 
frame and exposed to the actinic^ rays of light which, falling upon the tracing, pass through the transparent portions, decomposi 
the sensitized paper l>eIow, leaving the opaline lines upon the tracing undceoinposed and transferred to the sensitized sheet. Tl 
sheet is then removed from the frame, and washed in water or certain solutions to remove the sensitizing matter and there 
develop the lines. 

The various i>rocesses in use are Llie Fcrro-ei/anide, Ftrro-gallic^ riaiinoh^pc, Zinwgraphic, and Ferro-pmssiate. m 

The sun-printing process has the drawback of being somewhat slow, since it is mainly dependent upon the character of f 
natural light, and as this varies a great deal, so does the time taken to make the prints; but since the invention some years ago 
the electrical photo-copyiag apparatus, in which electricity is used to produce the requisite light, engineers have had at th« 
command a simple, luiudy apparatus which makes them independent of the weather, and in which prints may be made in tw^o 
three minutes. Perhaps the best-known apparatus of this kind is the one invented by Messrs. Shaw and Halden, and manufactur 
by Messrs, J. Halden of Manchester, 

In using the apparatus the tracing and sensitized paper is hdd upon a vertical semi-cylindrical ghiss plate, and a cover or jacl 
is then laid over tlie back of the sensitized sheet and firmly clamped by engaging with a rod. The cylinder is then turned ii 
position, and the arc lamp lowered gradually down its interior, the speed of lowering being arranged to suit the exposure requir 
of various sensitized papers. 

32a. Tracing. — No small amount of skill is required to expeditiously make a good tracing. The beginner cannot do bet 
than commence by diuwing a number of straight lines and arcs of different thicknesses on tracing paper and cloth with his drawi 
pen and bow pen respectively. The ink may be introduced between the nibs of the pen by a pointed quill, or by a writing pen, o- 
being taken to wHpe the outside of the nibs, to prevent any ink from them touching tlie edge of the square, straight edge, or 
square, for should the ink get in contact with these instrumcDts it runs on to the paper and spoils the tracing. Care must be tat 
to preserve uniformity of thickness in the lines where required, and to make arcs and curves flow into straight lines without a 
apparent break,— in other %vords, to satisfy the geometrical condition for tangential contact. If the ink does not freely 3 
on the tracing paper or cloth, a little powdered chalk may be rubbed over the sheet, or a tlrop or two of ox-gall may be a 
to the ink* 

In commencing a tracing, be careful to pin the tracing paper over the drawing and on to the drawing board in such a way 
the sheets are laut, and the principal line of the drawing is square with the working edge of tlie board. As a general rule it is tw 
to draw all the lines that ore in the dii^ection of the length ol^ the board first. In working down from top to bottom in doing tl 
many lines will probably be missed, but they will be picked up by working down a secoml, and even a third time if necessaJ 
The transverse lines can then be drawn in the same way, and then any connecting arcs drawn, and the circles, if any, described* 






The aoiion, um in phoiogrBpby, of the sun's rajs in their chemical, na distinct from their illumiDating and hfiating, efibots. 



J 
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Usually the first tracing made by a beginner is not much of a success, but by persevering in the way indicated he should soon 
become proficient. Great care, of course, has to be taken in writing the dimensions, to ensure absolute accuracy. 

33. Tracing Bzeroises. — Beginners will find that the figures given for tracing in the B. of E. Examination papers at the end of 
the book, are the most suitable to commence on. After a little practice on these, he will be able to attempt the tracing of most 
of the drawing exercises given in the book, of course working on the simpler ones first. 
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CHAPTER III 

SCALES, AND DRAWING TO SCALE 

34. If we wish to draw the elevation of a machine whose height^ is, say, 5', and length 12', upon a sheet of paper whose surface do6B 
not exceed two or three square feet in area, it is evident it would be impossible to make this drawing of the machine full size. 
Now, suppose we make a line 3" in length on the drawing represent a foot on the machine, then a line 5" X 3" = 15" long would 
represent the height of the machine, and one 12'' x Z", or 36'' long, its length ; and we should speak of the sccde as being one of 
3" to the foot, and ^q fraction of the scale, as it is called (or representative fraction as it is sometimes called), would be — 

3 inches _ 3 __ 1 
Ifoot "l^-i 
In the same way : K \ inch represented 1 foot the scale would be ^^ 



„1 

„li 

»4 

«6 

And if 1 inch represented 1 yard, the scale would be y^ « = g g 

1 _ J, 
12 X 66 792 



1 chain 



1 millimetre represented 1 centimetre, scale would be 



1 decimetre 
1 metre 






> The dimenflioxiB of maohinee, details, etc., are usually written in feet and inches. The former being indicated by the suffix ', and the latter by the snflix " Thus. 
6' reads 5 feet, and 5' 3j" reads 5 feet 3j inches. Further, 0-783" reads decimal (or point) seven eight three of an inch, equal to ^ of an inch. When BMtric JomMm- 
ments are used the following abbreviations, m., dm., cm., mm, respectively represent metre$, d€oimetre$y centimetres, and miUimetres. 

Angles are measured in degreet, minutes, and seconds. Thus 45° reads 45 degrees, and 20°, 40', 50" reads twenty degrees, forty minutes, fifty seoonds. 
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'coui'se, whenever practical ile, tlie tlrawing is matle the same aize as the thing to be drawn; the drawing is then spoken (A as 

ffull size. If the aize of the object will not admit of it^ being drawn full size, then as large a scale as is practicable sliould be 

stedL This applies more particularlj to detail drawings, where every minute feature must be clearly abowu. The great size 

me work necessitates its being set ont in detaO on large specially prepared boards, whilst, on the otlier hand, the details of 

shea, clocks, and small instruments can only be satisfactorily shown when drawn larger than their true size. In every case, 

tever scale ia decided upKm, care must be taken to draw all parts of the ol»ject to the same scale, and thug get an exact, although 

duced or enlarged, representation of it. Scales should always be constructed and drawn at the foot of important drawings that 

lot fully dimensioned, so that the various parts may, with the aid of a piiir of dividers, be scaled off, and so that any alteration 

g»j due to the shrinking of the paper, will affect both scale and drawing alike. These scales must be constructed and divided 

"^ %t care and aceni^acy, and should be tested by meiinSuring the same lengths from different parts of the scale. In drawing 

very sharp pencil should be used, and when inked in the lines should be very fine. 

EnJ^eer's Scales. — Although most of the drawings made by the beginner vtill be full-size or half-Bize, for which any ordinary 

be used, yet after some practice he will be called upon to make them to a smaller scale, such as \ or J full size, or even less, 

lathe wiU requiie au insfcrnment with these scales marked on it Such instruments are called Scales, or Drawing Scales, and 

can be had made of various materials, such as cardboard, vulcaiute, boxwood, ivory, and steel. The ordinary lengths are 6" and 

^d they ai'e made thin, and some are divided to the edge to enable a distance to be marked off from it with pencil or pricker ; 

■nore accurate method is to take the distance off with dividers, as shown in Fig* 15, care being taken to lay the sides of the 

Kon the scale or rule so as not to damage the points. (Refer to Art. 22,) 

BaofittoMxifco about (1 bo avoided, us tboy expand and LHiotraot greatly witb cbanges of temperature. On tbe whole, tbe best materiii^lfi for them arth hoxwotnl and 
They are ftrranp:ed with eight mogle readiiig open divided soales, two on each edge. The aoalea are 3", \\^\ V\ f\ J", ]f'\ \ \ and I" to the foot, or \, \, ^,, /^» 5V 
knd ^ full flise roapectivelj. 
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CHAPTER IV 

HOW TO DRAW STRAIGHT LINES AND SIMPLE FIGURES 

86. It is a waate of valuable time for the beginner to attempt to draw views, even of the simplest machine details, without sons 
previous practice in drawiofj in a workmanlike way lines and circles (which are the component parts of such figures), and a fe' 
representative symmetrical figures. So the student is advised to carefully practise drawing the following progressive exercises, an< 
after a few hours' practice ho should be able to draw simple figures neatly and with accuracy. 

37. Example.— Straight Lines drawn with the Asflistance of the T-8qnare. — The student should patiently practise with hu 
pencil and T-square in tlie following way :— 

Commence by pinning the paper tiat on the drawing board ; this can best be done by iirst pinning one corner until the under-side 
of the pin-!iead is in close contact with the paper. Then place the back of the right hand upon the paper near this pin, and draw it 
diagonally across the sheet to the right-hand bottom corner, dniwing the paper taut by the friction exerts. Hold this corner down 
by the tbumlj and fingers of the left band, and insert a drawing pin in it tia before described. The back of the right hand may then b^ 
placed at about tlie centre of the sheet, which is drawn diagonally to the right-hand top corner and pinned. Do the same with the 
remaining corner and the sheet will be as tlat as it is possible to have it without damp stretching. The T-square can now be placed 
in position and held firmly by the left hand in such a way as to keep the stock in contact with the edge of the board, and the bkdfl 
tight on the paper, as shown in Fig. 25. The pencil .should be held between the first two fingers and thumb of the right hand^ and 
kept in contact with the edge of the T-square, resting the third and fourth fingers on the square as the stroke is made. 

The student must now aim at producing lines equal in thickness throughout their length, and, as the thickness and quality of i 
line depend upon the sharpness of the pencil and amount of unvarying pressure exerted upon it, he will understand that only practice 
will enable lunj Ut <lniw them with certainty and facility. Each line should be drawn the full length of the T-square, and several o: 
each kind should l)e tlrawn ; in fact, tbi*y should 1:h3 drawn again and again till they can be fi-eely produced at least equal in qualit} 
to those sliDwn in the follnwirjg figure (26), wlien^ it will be seen that A is a very fine line, suitable for centre and construction lines 
This should be drawn with a very sharp cfiiHcl-pointed pencil, and should be so fine that a light touch of the indiarubber will cleai 
it out At J5 i.M a lino ^♦nwifdy thicker than the previous one, and suitablo for the finished lines of a very .small dra\^ing, C is thicker 
and suitable for ordinary drawing jMirposes. I) is more suitable fur working drawing of single objects, drawn to a large scale, and t 
is a suitable line for nbade lines on drawings ; this line is Ijent rlruwn with thnie strokea of tlie pencil, as the pressure necessary witl 
a point thick enough to pro<hice it with one stroke would in most etise« Jk'^-*^^ ^^^^ ^<^iid, Wlien lines thicker than E are to be drawn 
a good finish can only be given them by three strokes of tljc petjQJj . tbi^ ^^*-* **^*tei^^ ^^^^ should be sharp and distinct, and tirt 
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between them decided by the thickness of the required line* In making the third stroke, the pencil should be turned 

, 90 as to fill the space between the outer lines. 

Defects in Lines. — The main defects in lines which should be avoided are : Varyiiuj thkknem, caused by varying the amount 







Fi0» 25. — ShowiDg: liow the T-square and pen oil ibould be held. 



Fra. 26,— ThiokneBB of Xinm. 



^f preasur© exerted upon the pencil. Want of sharpness, the aides of the lines having a blurred appearance, caused by softness of 
l^^ul or want of sharpness in the pencil. ITneven Goloar, due to unequal quality of the lead or paijer, or uneven pressure upon the 

39. Example. — Straight IiiacB, drawn with the AflBistance ot a Set-Square. -^The student should remember the instructions ' 
gneu for the previous example, and should now practise drawing similar lines with the assistance of one of his set-squares. The 

kf*iger one had better be used, and the lines drawn its full length, at first to the right-hand side of the square as shown in Fig. 27 
^^Dd at A, Fig. 28) and afterwards to the .left as shown in Fig, 29 (and at B, Fig. 28) in the direction indicated by the arrows. 

It will be seen that the left hand in each case is firmly holding the set-square and T-square together and on to tlie board in such a 

*iiy that the stock of the T-square is kept closely in contact with the edge of the board, Tbe remarks upon the previous exercise 
!*j5pecting the quahty of the lines apply equally to this one, and the necessity of practising the drawing of these lines from botli 

*fe of the set square will be understood by the student after his first attempts, as he will find that to steadily move his hand about 

^th ease, in the required ways, needs considerable practice. 

40. Dotted Lines. — Dotted Lines are used on drawings either to indicate the line upon which a section has been taken or to mark 
the position of any existing part which is unseen; for the former, dot-and-dmh lines, as at A (Fig. 30), ai^c used, whilst fur the latter 
«hii]i4atted lines, B, should be used. In the former case, A, they look beat when the dots are equally spaced, and the short lines or 
^168 are equal in length, and about four or five times the lengths of the spaces ; and in the latter case, B, when of equal length 
•*ui equally spaced, the lines being made three or four times the length of the spaces, as showo. Obviously, if the dots are made 
•Itorter, they take a longer time to draw* The thickness of the lines, and the lengths of the spaces and dots, should be regulated by 
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Fig, 82. — Oou»truotioii of a rectangle. 
Ftrat atep. 




CV'nfltraotioD of a rectangle. 
Second step. 



FiQ. 34, — Constraptioo of & rectangle. 
The oomplt^le figyre. 



tbe direction of the T*squar©, and at right angles to it, figures whose sides are made up of such lines should be easily drawn. So^ by 
i«i*efully working the follo^ving progressive exercises, which are very fully described, the student should make an important step in 
fe practice of mechanical drawing. 

42. ExAMPLE.^ — To Draw a Rectangle whose Length (2") and Breadth (H") are given, — Draw, with the aid of the T-square, a 
w? fiue indefinite line AB, about 2^" h>og, Fig. 32. With the aid of a rule and a pair of dividers prick oil' (Art, 22) the length CD 
^Hual to 2", and between these two points draw a good finished 
hue as shown. Then^ with the aid of a set-square, draw from 
C and D very fine distinct lines ]jerpendicular to CD and a 
little longer than the given breadth (li").* Now, prick off as 
l^fore the point E (Fig. 33) from C, making CE equal to l,y', 
^e given breadth, and with the aid of the T-square, draw the 
fininhed line EF parallel 

The rectangle is com- 
l>kt«(l by re-drawing CE 
^udDF (Fig. 34), with the 
^ of the set-square, per- 
pendicular to CD, being careful to i-egulate tlie thickness of the lines, so that they are the same throughout the figure, and removing 
^th indianibber the ends of the construction lines AC and DB, and those above E and F, leaving the rectangle completed as shown, 
^^ being Uken not to remove the sharp corners formed by the intersection of the lines. 

KovB. — The tindeut Blioutd alwnjH aim at oonsiructiiig a figure by dravdng tb& least number of Uiicia poitaible : m utber wordi^ a Une thouLl not he gone over 
'"'fef if oTtce will fuffice, A» an illustration of tbis advii>e» with reference to tho rectangle just drawn, many atndenta would first bave drawn the oompJete 
Dgurein fine lines, and then i)enciHed over eiicb line to make it of the required tbiokuBSB. 8ucb a practice UHuatly pnidu(jeB a jXK>r reaiilt, us it \» difflenlt to exactly 
t'DTertbe preifionB liQea, aod, furtb^r, it tiLkeB a looger time. 

43, Exeroises upon the ITse of Centre Lines/^^JVrs/ Case, Figure Symmetrical about a Single Centre Line. — Whenever a figure 
kas more thao one line each side of its centre, and is symmetrical about that centre, it is best drawn bj commencing with the 
oeutre line. To illustrate this, let us proceed to draw the figui^e shown in the dimensioned sketch (Fig. 35). 

Ojmmence by drawing a very fine line A15(Fig. 36), with the aid of the T-square ; then with dividers prickofl* upon it two points 
Cand D, 2" apart. Through these points, with the aid of a set-s(inare, draw two fine indefinite lines EG and FH. Then, with 
tie dividers, prick oflT on one of these lines, say from C, the points J and K (Fig. 37), the opening of the dividers being 3", equal 
^> a half of the hi'eadth (l\*') of the given figure, and with the aid of the T-square draw through these points the finished full 

' Tl«e itadent, after a tittle praetiecs will be ablci tt> estimate theee dittancea and len^fths to within a quarter of an ineh, aothat Hocb lines need not be dratrn much 
*<«k|fer than their required lentrth, to miuitnize rubbing ont, but in no case ahould they be drawn too abort at first, as any attempt at joining a long^tb on ia iiannlly 
Moeal»i(», nnd abouid be avoided. 

> OsBtre iinet abould be very fine coutlnuouD ones, undotted, vm ut A, Fig. 26; tbeu any part of them can be uaed to measure U) or fn>m. 
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Fio. 85. — Beotangnlar figure, symmetrioal About 
a centre line. The complete figure. 
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Fro. 86.— ReetuiguUr flgnra. Fint step. 
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Fio. 38.— Square fipure. Uae of two 
centrelines. 



Fio. 37 — Keotangular figure. Second step. 



J 

D 

Fio. 89.— Square figure. OonBtruotioa lines. 
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ines KM and JL In a similar way mark off N and P from 0, with the dividers open to |", and throHgh these points draw 
imilar way, the lines NO and PQ. 



a 



■f 
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ef 

Fio. 40. — Figure symmetrioal about two 
centre lines. 



Fio. 41.~Fir8t step. 



Fig. 42.— Seoood step. 



Fio. 43.— Third step. 



lie figore should now be completed by going over the lines KJ and LM with the pencil, taking care to give the lines the same 
ess and finish as the others, and the figure will be now complete as in Fig. 35. 

he projecting parts of the construction lines should now be rubbed out, as in the previous exercise, with indiarubber, the centre 
B being left projecting about a }" beyond the figure upon each side. 

fi. — The appearance and finish of the figure depends npon the lines being perfectly uniform in thickness and colour, and f^-* ' 
instruoiionfl preylously given respecting the production of such lines. 
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44, ikam^l />ie«f. fffiri tjrwMliiMl fttoat Two Centre Llnef . — The figure No. 38 consists of two concentric squares which 
gymmetrical about two etmtr^ lioai, at right anglen to each other. So, first draw any two indefinite centre lines A6 and < 
perpendicular to one another (Fig. Z'J), and intenie<;ting at E ; then, with rule and dividers, prick off from E, along the centre lines 
EG, EH, and EJ, diataneee equal to lialf the side of the outer square, viz. 1", and complete the square as in the previous c 
The inner square should he drawn in the same way, the construction lines removed, and the required figure completed as showi 
Fig. 38. 

46. Example. — Anotker Case of a Figure Symmetrieal about Two Centre Lines. — The figure to be drawn in this exercise con; 
of a rectangle, with a trapezoid at each end (Fig. 40). It will not be necessary to explain every step in the construction of the fig 
as the student should by this time be familiar, with the method of working from centre lines, and might now attempt to draw 
figure in what appears to him the best way, with a hint that the small ends ab and rd of the trapezoid should be drawn be 
the sloping sides. 

The figures 41, 42, and 43 show the steps in the construction. 

These should speak for themselves now. Of course Fig. 40 shows the finished figure. But the student should not troi 
about writing dimensions on his drawings yet. 
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CIRCLES, ARCS, AND LINEB 

tl As ordinary meelianical drawings mainly consist of combinations of circles, arcs, and lines, the art of correctly and neatly 
drawing a few of them in various posiiious in relation one to the others should bo cnltivated by the beginner; for if such lines are 
faulty in form and finish, or do not satisfy the geometrical conditions of proper contact, they spoil the appearance and detract from 
the value of any drawing upon which they appear. 

Aa the student will have a great deal of work to do with the eompasseSp he cannot do better than carefully read the remarks 
•ipou their manipulation, etc. (Art. 17), before attempting this chapter. A few of the more important definitions and problems 
elating to circles and arcs are given here to help beginners, but for more complete information on those matters refer to the author s 
' GeoDietrical Drawing,*' pi». 61, etc. 

47. DtjfinUkfn*. ^-Th^ Tadini of « cirol« is a fltraight line drnwn from the centre to ita circumff nouo. 
i liametOT of a oirole tB a atnii^ht Une |>asmn^: thrnui^^h ita oentre, and termmttted on T-K>th Bides by tlie olrLiumfereaoe. 
^irc ol a eirole is imy port of tht^ ciroyraiff^reEicr, 
^ch4»rd is a straight line jomin;^!: tbtj extremities of iin arc. 
^ ■QgsiMLl is any part of a ctrclL\ botioded by ah are anel its uhord. 
A Hoiitiiele is half a oirole, or a segment cut off by a diameter. 

J Hctor JB any part ot a circle bjunded by an aro ami two radii drawn to itfl extremitiaa. 

MUdruLt, Of qnarter of a circle, i» a sector baviiig a qanrter of a eiroumfr^rence for ite arc, tviid the two rndii purjieiidicular to each i^lier. 
^NXtiaty or sixth of a circle^ is a sector havinj.^ u sistb nf the eircumferenco ft^r its arc, and tbe two radii making an unfile of tlO- with each other. 
^Wtwt, or eighth of a circle, is a sector having an ei^^hth of tbe circumference for ita arc, and tbe two radii luaking an angle of 45 ' with each other. 

, AtUftnt is any line perpendicular to a radius at its extremity in the circle, A tangent touches tbe circle in a pobt, aa at P, Fig. 44 (which is called the point 
« o^ticl), where the liiie AB touches the circle, and It is ptTpoodioular to the rn4iiis OF. 

Vvtat of Conttet. — When two ciroles touch one another, they do m in a paint only, ealle<^l tbe point of efmtaei^ and tbe straight line which Joina their oontrefl paBsea 
fl>n*j?h this pfjint. Thus, Fig. 45 shows two oirc'loB, A and B, touching' one another in the p»int P. which is the point of eontaet. It ia only when this condition is 
AftttNtod that a part of one circle can be iniide tn flow into a part of tbe other ; the thick line in tbe figure uhowB how this condition mu»t be satistied. 

To eaftble the itndenl to correctly tre^it canes where circles are in cootact with mm another, and with Htmi^^bt lines, he Rhould carefully «tiidy tht* following 
! . ^^lemi before attetnptinj^ t}ie exerdsen at tbe end ef the chapter. 

48. To describe a Circular Arc through Three given Points, — Let ABC (Fig. 4G)be the given plants. Join AB aiitl BC, and bisect 
Uii« liijeii AB and EC in G and D, and through these points draw perpendiculars intersecting in F. Then, with F as centre and 

dina FJi, de9cril>e the required arc ABC, 

49. To draw a Tangent to a Circle through a fixed Point in its Circumference.- -Let B (Fig. 47) be the fixe<l point in the circle, 
bin B to the centre A, und through B draw CJ) perpendicuL'ir to All Then CD is the tangent required. 

4Sa. To draw a Tangent to a Circle through a fixed Point without it — Let the circle in Fig, 47 be the j 
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Join the centre A witk P, the fixed point without the circle, and bisect AP in E. With E as centre, radius EA, describe the 
circle AFP, cutting the given circle in F. Join PF. Then PF is the required tangent. 

It is evident that in a similar way a tangent the other side of PA could have l^n drawn. 






Via, 44. — Circle and tangent. 



Rio. 46.— Point of contact of two circles. 



Fio. 46. — An arc described throogh three p 



N0TI8.—I. The student will notice that if F bo joined with A, the angle PFA will be a right angle, being an angle in a semicircle (Eno. III. 31). Ai 
wfll be a normal to the tangent at F. 

2. The Euclidean geometr/ does not allow a tangent from a fixed point to a given circle to be drawn without first finding the point of contact as aboTe, a 




C B ~D 

Fio. 47.— Tangents to a circle. 





Pio. 49.— Circle of given size touching a f 
line and circle. 



F' A F 

Fio. 48. — Circle touching two given lines. 

same remarks apply to the case of a common tangent to two circles, but for practical drawing purposes a tangent may be drawn from an external point to a circl 
common tangent to two circles directly by carefully adjusting the straight-edge ; and should the actual point of contact be required, a perpendicular to the ti 
from the centre fixes it. 

49b. To inscribe in a given Angle a Circle of given Radius (say l'6")^^Let EAF (Fig. 48) be the given angle. Bisect the i 
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^7 the line AB, and tlraw CD parallel to AF and Vb" from it, intersecting AB in C, With C as centre, radius 1'6", draw the circle 
inching the sides of the angle in E and F. The exact points of contact can be found by drawing from C the lines OE and OF 
perpendicular to AE and AF respectively.* 

The dotted lines refer to a case wheo the angle is obtuse, and the same letters apply. 

VoTJBa. — K This it « problem often met with io mwhuQioal <lrftwingr, when two lines are to bo ootioected by m\ arc of u ctrole of ^:ivoti racHuB. 
2. For most prnoti<»l purpoee* a common tangent to two given clrclea (euch as E'E. Fip, 4S) can be drown with a Buffloient dcj:rree ^of ai>ouraoy by oflBsrinif the edge 
w* square to the two clTcIes ami drawing a line to touch ihen^ the points of contact being fouod by drawiDg perpendioularij from th^ coDtrrs ttJ tlie tangent. 

50. To deBcrihe a Circle of given Eadius to toich a ^ven Line and a given Circle.— From C (Fig. 49), the centre of the given circle, 
mw any line CE, cutting the circle in F; from F mark ofl'FE, eqnal to the given radinB, and with centre C describe the arc ED. 
At any point H in AB draw GH eqnal to the given radius KF, 

^i perpendicular to AB. Through G draw GD parallel to AB, D 

4Dd cutting the arc DE in D. Then, with D as centre, radius 
P^F, describe the required circle. 

NoTE.^D U equidistant from Hoe and cirole. 

5L To draw a Cirole to touch Three given Straight Linei. — 
]^ the ffiven lines be AB, AC, and CD (Fig. 50), intersecting 
tn A and C. Bisect the angle BAG by the liue AK The 
^tre of the required circle must be somewhere in this ILoe. 
Bisect the angle ACD by the line CF; the centre must also be 
^mewhere in CF. Therefore it is in G, the intersection of 
AE and CF. From G draw GH perpendicular to AB and 
ctitting it in H. With centre G, radius GH, describe the 
''Bqiaired circle or arc,^ Then perpendiculars from G, such as 
OH, give the points of contact. 

^<yn. — Tliia problem Bometimee occurs ^hen a amal] bevel wheel 18 drawD- 

52. To describe an Arc of a Circle of given Badins (say V*) to touch a given Arc and a given Straight Lin6.~Let AB (Fig. 51) be 

^ given line, and G the centre of the giveo arc. Draw GC, any line passing through the centra of the circle G, and cutting the 

WW! in C, Mark off CE equal to the given radius of 1'', and with centre G, radius GE, describe the arc EF, and draw F'F parallel to 

iABand 1" from it, intersecting EF in F, which is the centre of the requii'ed arc. AVith F as centre, radius FH, a perpendicular to 

^, describe the required arc. Draw through G and F the line GK, cutting the circle in K. Then the points of contact are H and K. 

If the arc were to touch the given circle externally, F' would he its centre, and I and J its points of contact. The working is 

^ilar, and can be easily followed on the figure. 

KOTK,^Tb»« problem ocours wlien a wheel with arma it drawn. HB it tben the aide of an arm, tiod the aro CK a part of the rim. 

' AE and AF ure two tangeatfl to tbo circle from A, and they are t^ual to one aoothep (Euo, lil. 17). 

* Three otbor drolei cbq be drawn to touch the given linoB, and one of tbem will obirioualy bo oontained by the triangle made by producing Di ' and BA till they 




A? 

¥iQ. 50.— Cirole tynohing 
three straight lines. 



e 




F)0. 51. — Aro touching straigbt Hoe and arc* 
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63. Having studied the preceding problems, the student should be able to work the following exercises without further help. 
They should be carefully constructed fh)m the dimensions shown, and not merely copied. Having pinned down a sheet of paper, 
the T and set squares should be carefully dusted, and the pencils and lead of the pencil bows to be used sharpened, and the latter 
adjusted so that the pencil and steel point are of equal length ; the exercises can then be proceeded with. 




EXERCISES. 

1 . A«8umc any point P in the idven circle (Fig. 52), and draw a tangent at the point 
. 2. Through the fixed point V (Fig. 53) draw a tangent to the given circle, 
a. In the angles ABD and CBD (Fig. 54) inscrihe arcs of ir radius. 

4. Describe a circle of H" diameter to touch both the line AB (Fig. 5.5) and the given circle. 

5. Describe a circle touching the three given lines, B A, AC, and CD (Fig. 56), and mark the points of contact. 
<]. Describe a 2^" circle to touch both the given circles (Fig. 56a). 




■J 



V\Q. .52. 



Fio. 58. 





FiQ 55. 





CHAPTER VI 
HOW TO commence; a working drawing 

84* We will assume that the student has carefully read tJie preceding pages, particularly those from Art. 34 nuwards, and that 
he is about to attempt a drawing of sonie simple object. Now, before he can do this int^^lligeutly, it is obvious tlint lie should 
have a fair acquaintance with elementarj^ projection, sucli aa is taught him in his geometry class, so, if on joining a class in 
Machine Construction and Drawing he has not had some training in solid geometry, he will doubtless be recommended by liis 
instructor to take tip the sttidy of that subject concurrently with his course in drawing. 

In most schools or Institutes this can be easily done, aa the geometry and macldne drawing classes are often so arranged 
that they can be attended the same evening or day. However, for the benefit of those who may not be able to attend such 
clasaes, or have not the help of a teacher, we will proceed to briefly explain how an object may be drawn in plan and elevation, 
for the shape and pix>portions of most simple solids can be completely shown by dm wing two views only, namely — 

65. Plan and Elevation, called their proje^tpm^^. The terms " plan " and '' elevation/' as applied to the repi-esentation of an 
object, are fairly well understotjd in a general way. Thus we apeak of the elevation of a house, meaning the view we get by 
looking at its front, back, or sides. By such a view we see its height and breadth, and the height of everything shown is found 
on this dtvadonal view. Again, we speak of the plan of a plot of ground. This view, of course, shows its length and breadth, 
End the distanoe it may he from some landmark. In the same way the plan of a house or any object is the view we get by 
lookiiig down on it from above. All tliis and raucli more can better lie made clear by referring to an example; and as first 
steps cannot be made too easy, the subject fre(juently presenting considerable difficulties to beginners, the tyro cannot do better 
th^ take a sheet of drawing paper and any rectangular solid, such as a box or a book, and work out the following simple 
exercise : — 

\jki BACD (Fig. 57) be the abeet of paper. Draw acroM it fttiy line XT (tbia may ha done in tlie ordioary wny wUb the T-Kjuare), ftnd plaoe the bottom 

'f^T" K) of your box on the paper, jio that one of the long edgea, EK, Ji reatiiig m\ XY. Then bend the part of the pupor BD fibout the line XY, as »bowii, until it 

^'^ the baok of the box EKIJ, If, when tho paper ia in tJiia poflition, a penoii point be drawn mMuA tlie lx)x, marking the lines EF(fKlJ, we shall hav<^ on the 

- ,.-jatal plane (XYCA)ft phm EFQK of the box, find on the verticftl pltme (XYDB) un elevation EKM. Xow. hi lu ftupp<we that w© are to draw the pkm and 
iierfttion of the box in it» preeent poaition in thf ordmajry way. Begin by drawing XY (Fig. iiS) with thii ftid of tho T-sqiiJire: then eoni^trnci KKL) (the tlova- 
tiQiiX A rectangle, making EK equal to tho knfi^h of the br>K, and EJ e^ual to its thicknesfl^ remembering that EK mnHt roat on thr ground line (XY), ai« tho btix i« 
rating rm the ground (borizontal plane), and that qh it is touching the vertical plane, the plan, which may now t>G projected (carried down) from the eleviiUon, mu«t 
bedrnwn showing the back EK of the box touching XY. Of course, all the iinea on the plan and elevation are drawn with the asitifltaDee of ihe T-square and the »et- 
iNMv 8. The student will notice that in this cane tbe plan mij^bt have been dmwo first, and the elevation [irojeoted from it. 1'Lat i8 to say, tbii* ie a eii&e where 
Iflbtr the plan or olevaiion may be first drawn. (Caaea will occnr dirocUy wher« this ie not a matter of ehoice.) It will now Ik* eeen that in Fig. f*8 we liave repre- 
••Dted the forro and position of a bo«ly which poBseeaeH three dimeQaions (namely, length, breadth* and thicknesa) upon a plane having only two dimenaiona, namely^ 

tngth and breadilu The •Indent ibf^nld now bend the ^ap^r (Fig. 58) nbent it« XY ao that tht two piirts an- at right angles, as in Fig. 57, and ilvcxv vca^s^ccvv. '-^- 



so 



MACHINE DRAWING AND DESIGN FOR BEGINNERS 




tbo box is in ita place, at it ia ahown iu tbai fi^ro, for beginD^ra frequently fail to maki" mooh pro^reca owing to their inabiltty to exerciae their imugin 
this way. 

As ti further exeroise we may draw the plan and elevation of a rectangular block in such poaitions as shown in Fi 
where it will be seen that the two views are separated by the distance aa\ and to enable the student to see what bearii 

change of position has upon the previous case we will proceed to i 
little problem which shall be a distinct step in advance of the pi 
study, but, nevertheless^ one that ought to be readily understood. The pi 
may be stated thus :— 

56. To draw the Plan and Elevation of a Rectangular Block 9' 
6" wide, and Z*' thick, when a 9'' x 6" Face is horizontal, and 1'' ab<v 
H.P. (or Qronnd), and one of its Sides Ib parallel to the Vertical Plan 
51^' from it (Seal*, half*Bize*) — First draw across the paper a lini 
mark it XY^ (Fig. 59), Then fold or bend the paper about thi 
as in the previous study, and as shown in Fig. 59, and place the blc 
something 1" thick ; it will then be the right height above the g 

or horizontal plane. If w 
move it till its back face is pa 
t<3 the vertical plane, and 2" 
it, the block will be in the tb 
position. The figure clearly 
this position, and at this st 
will be instructive to compa 
problem with the previous 
(a.ssiuning that the box ani 
block are the same size). Ij 
be noticed that the plan in ] 
is the same shape as the p 
Fig* 58 (this must be so, m 
solids are horizontal), but ib I 
taut from XY (that is, 2" f« 
V.P,), and similarly with the 
tions, they are the same shapej 
one in Fig. 59, being 1" abot 
shows that it is 1" high. Of course it will be noticed that the lines (projectors) connecting the block with its elevati 
perpendicular to the V.P,, and also the lines connecting the block and the plan are perpendicular to the horizontal piano, 

» Tbit IB the ground-lme^ aa It is called : it ia iuvariaWy inwked XY in geometry. 
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Fig. 67. — Kelution of plan to elevfttiou. 



Fio. 58. — Projecting one view from the other. 
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■f figure also showa by dotted lines the paper folded (constructed) back into its proper (normal) position, and the dotted elevation 
diown will be seen to be in the same straight H^ie with the plan, perpendicular to the ground-line (XY). Thug, when the projections 
of an object are drawn, we always Iiave the plan and elevation in the same straight line perpendicidar to the ground-line. 

To make tliis second study complete, let us suppose that we, knowing exactly how the views will appear in shape and 
position, wish to draw in the ordinary way the projections of the block to satisfy the problem. The first thin g to do ift tn draw> 
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XY, the ground4ine (Fig, 60). Then, 
as in thia case we can first draw either 
projection, let us start on the plan. 
fiemembering that the block is 2'' 
from the V,P,, we draw a line ah 
parallel to XY and 2" below it, and 
on this line we construct the plan, 
which of course is a rectangle, whose 
length i5 9" and breadth 6". Then 
from each end of this plan draw a 
projector perpendicular to XY; be- 
tween these projectors draw ab\ the 

>m of the elevation paridlel to 

and 1" above it, and on thia line 
wmplete the rectangle, whose breadth 
ii 3 (the block's thickness), which 
fams the ele\^tion. The projectors 
He best drawn undotted, but much 
^ner than the lines that form the 
projeotlons.^ 

This completes the projections, 
•ad the student would do well to repeat the operation explained in the previous study, and try to imagine that the solid itself is 
ttttiding over the plan, and in front of the elevation, as shown in the figure, 

KOTS. — Before loaving thia study, we miglit notiw that the lino a'h' on the eleyation reprefiwnta the bottom of the blf>ck, a liorizontal aurface, and a auifaoe perpcn- 
4i>dir to the vertical plane. The student will dirwtly butter underataud that the projectioiM of all aitrfaces perfH^ndicular to a plane are straight iineia on that plane. 
I thu llie Hoe ab on the borisontal plane ia the plan of a vertical iido. 

57. End Elevations and Sectionj. — Let us suppose we are looking at the rectangular block (Fig. 61) in the directioa of the 
tttow B, the view we then get is called an eiid elevation, and it may be shown as at E, where the figure is obviously constructed 
with the assiatance of the plan, the 3" height being marked off with the dividers. It ia generally more convenient to place 

Iq ao ordinary mechanical drawing the projectors are not aUowed to rem&iu ; any that ma; ha^e been drawn aa a matter of neoeAsity or conTenlenoe being 



ViG. 59.— Block in poaition, between folded drawing paper. 



Fia. GO. — ProjectioDB of a rectangular block. 
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Fid. 6K — ProjcctiDg sectionB tiud Bnd elevukiioaii. 
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this view by the side of the elevation, as shown at F ; the view is then projected from the elevation as shown, the 6" I 
being marked off with the dividers or fonnd by using the arcs fm and hn. If we were to cut through the solid with a 1 

saw-eut along the line CD in plan, the true §bape of tlie cut wi 

a vertical seriion (a section on the line CD as it is called) 

solid. This is shown at G in the position which is usuall; 

convenient in relation to the elevation* It is drawn in thfl 

way as the end elevation F, 

We may now proceed to review the salient points as they 
probably present themselves to the student who is about to con 
a working drawing. He should begin by making up his mine 
how many views of the object he intends to show, bearing i] 
that the drawings should clearly represent the object in such 
that ity true dimensions aud the form of every detail are show 
long as thb is satisfactorily accomplished, as few views as j 
should be drawn. Two views at least are always required, am 
may be an Elmation (which shows length and height) and 1 
(which shows length and bi-eadth). 

Or the front elevation and an end elevation may be used to obtain a similar result. But three views, namely, a FrorU A 
iiu End elevatitm, and a Plan, are generally shown, with sufficient sectional elmriHons and sectional plam (part section al 
elevation, and part section and part plan respectively) to makv the external and internal form or construction of the objeoi 
clear* The use of dotted lines, as in the end elevation at MMa KKa (Fig* 63), for indicating the position of unseen parts, 
iis a mle be avoided as far as possible ; but a judicious use of a few of them may save the making of another view, p| 
always that they do not impair the clearness of the view upon which they are placed. 

Dotted lines should not be used for unseen parts in higlily tinished coloured drawings, but only for working drawini 
cases where the object to be shown is symmetrical about the centre line, it is usual to show one half of the view in ele 
d the other half in section, as in the sectional elevation of the coupling (Fig. 98, Chapter IX.). 

The section may extend slightly beyond the centre line* or may linish at it; in either case a black line is used to tet 
the section. This saves the making of a separate sectional view. 

Although it is obviously desirable to limit the number of views of an object, as previously explained, caie must be 
not to carry this too far ; as in the ease of a complicated object, say a casting, much time is often spent by the pattern^ 
aud others in trying to read a drawing, where an additional view or section would have enabled the trained eye to see at a 
a mental picture of the required object 

It is usual to arrange elevations above plans, or sectional plans, when convenient ; but in all cases the views nqj 
arranged so that the relation between two adjoining ones may be readily recognized, and so as to facilitate their being p 
projected one from another* 

llariiig decided upon tht' number of tiowk to be eiiowD, it in iwuul Ui tnkt) a ipcirti iii*M5*' **^ l'*^P*^ ^^^ ^ rouffhly ftkotob upon it the views deoidod ui] 
reltttive |«>8ili<>ti« one to Aiioiber, and txi mark ujjou each iho ovorali »izQ», m in Fig. ilH. 
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The BXtJd of the iheet of ditiwinfr paper to U^ iiwd should ills*! bo marked upon \U and anowanceB mftde uraally from \" to J" on each rdcff^ for cutting the dmwinfj 
otffqtiftre, and from I" to 2" should lie allowed in**ide the cutting oif lint" upriQ each *^dg« for a nutrgin. If the p^tpcr has been dfimp-utretebed. etifflcieot margin mnst 
betlkiwed tfv enable !h© drawiny- to be cut nff clear inside thf uilheriDp t'dge. From ij" to IV ia uauuUy allowed fjetwe^n thtj bordt^r linua u^nd the ri^'lit- and loft-band 
vis«i, ami from V* to 2" b<^»rizontaUy between scpmtto views. These amounts must hv added together, and aubtracti-d from the Itngtb of the sheet; and then the 
dineii^Dt of the loni^eBt line of horisBonUl lengths of the various vicwa muat be added together. By ctimpriring this with the flpuce remaining? for them upoo th*? aheet, 
the fcale to whicb the views can be drawn nmy Im) decided upon. 

After a E^cale has been asanmed for the horizontal line of views, the longeit line of vertical dimenflionfl muit be eheoked aguinat this in a similar way to see if the 
Ktle ifl suitable. 

AH drawings forming one set shoidd huve equal outer raargiiia, and as far as poaaible equal margins between the views. 

Havin;^ arranged the positions of the viewa upon tho ahet^, and the scale to which they are to be drawn, the next tbln^ to bo done ia to draw the cutiiog oflTond 
Uyt^fiT lines upon the ah^fet, and then the centre linoa of the various views. The poaitiona of these ctm be readily aBcertaiiit:?d from a rou*rfi aketch used to adjuet the 
fpa^'ings, and they should be carffidly marked ont; and after this lias l>een done, the various views anay be e^jminenoed. Of c-onrse, these remarkM arv for the goidance 
nf tlie young dr»ught»man. The bc-gioner will always have plenty of paper to practise on, and need not tntwble about the apiielDg out. 

It is impossible to lay down any iixed rule a.s to what view should bo first completed ; iii laet, it is ustmlly the practice 
work upon two or three views at the same time, drawing some part upon all views first, and then adding another part to these, 
^ I on. But geneiully any known portion, such as the size of a shaft, stroke of a pai't, leading centres or outline is first 
; and always the view from whicli the greatest number of parts nf other views can 1>e prcjjected, or tlie greatest amount 
wi lulumiation obtained (freqnently a section) is then proceeded with; an axiom being to pofc in outside sizes of work detinitely 
8m, and to fill in all smaller details, as bolts, rivets, studs, nuts, keys, cotters, etc., afterwards. In the case where a part ha? 
a circular form, ihr cirdes shndd Iw draura first y and the other views prttjeeted from them, and when a number of similar parts, 
AS rivets, bolts, and nuts, occur, it is best to put in the flmall circles of the entire number first, with one setting of the compasses, 
Mid then the similar lines of each. This will take less time than if each one is completed singly, and ensures a more uniform result. 
It is also usual to show upon workin^ij drawings, bolts, nuts, pins, rivets, studs, keys, cotters, rods, shafts, spindles, springs 
levers in elevation, even when the seetion plane passes throu|j;h their axes. The reason being that it is less trouble to show 
:!i elevation tlian in section, and it rendei^ the drawing more clear. But all these matters can 
be more conveniently dealt with as we proceed to explain how drawings of a few simple objects 
iBiiy be made, starting with a very easy example and selecting othei*s so that they may gradually pi^esent 
to the student further features nnd expedients in a progressive way. 

58. Drawings of a Caat-iron Bencli Block. — The sketch. Fig, 62, shows the form often given to a 
block or anvil, such as is often used in an engineer's fitting shop. Cast Iron is used for the 
k in preference to Wrought Iron, as it is much cheaper in first cost, and, being harder, is not so 
ily injured by a blow. The flat surfaces may be pkued, but it ia sometimea used rough as cast lu 
find the following exercises, the views and scale selected are so arrangeil as to enable the object 
be drawn upon a half-imperial sheet of paper, vi^. 22" x 15". 
As a drawing example, the four views of the blixik shown in Fig. 6*^, viz. a front elevation, a plan, 
ta end elevation and a section on the line no taken tmnsversely through the centre of the hole and 
looking lo the right (the left-hand portion being i-emoved), are to be drawn full size. 

So commence by placing a sheet of paper on the drawing board and pin it down taut and flat, as explained in Art 37. This 
iiig a Ijeginner's exercise, we need not trouble very much about spacing out the views of the block we wish to draw^ q& T^eiS'^^^s^^^:^ 



[hench 




FiQ. 62. — Ifiometiic view of 
bench block. 
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explained. The student who lias followed the previous exGrcises will by this 

END ELEVATION- 
€ 




time be fairly able to maDipulate his ; 
correctly, and by the exi 
little intelligence he will i 
the ]>lan and elevation of 
so, bearing in miiid the 
\iously <j:iven as to which vi 
first, it will be seen that th 
where the plan should be fi 
Then start by drawing the ( 
Jk and cd, intersecting in 
in suitable positions. Th 
the block should be first 
] tricking o^^ i/j and t/k with a 
nf the dividers, the scale \tei 
The T-square is then draw 
about 3^" below jk, and t 
squnre is placed upon it a 
into position sn that the 
be in line l\ The line is tl 
drawn downward, nearly ^ 
square ; and the set-squai 
slid along the T-square, 
druwn through j in a simil 
Next prick off with tlie div 
d, 3'' on each side of ]/. Th 
is then raised to the lowai 
and the finished line Dl 
carefully, once and for a 
the two vertical lines pi-evio 
The T-squnre is then ra; 
upper mark C, and a simi 
line t'E tlrawn through it 
out tlie extra portions of I 
CD and EE and rule the vertical lines in, similai' to the fmished horizontal ones. Next draw the vertical centre lini 

* As wo do not know exactly where to atop, we ftlwuyg mlo it lightly utid trw long, and rub out wlml we dt> not require after its dt^aired leu 
obtained. Thiu is mooh better than to rule a line too alioit, and to join a piooe on to mak© it of the required lengili, hb the joint al way« ehowe. 



d 
PLAN - SECTION OH LINE 

Fio 6:1— Four viewB of a cast-iron bendi bl^it-k. 
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liole in the block, which will lie 2^" from the centre of the block; and take the di\riders and aet them carer^Uy to 4", and prick 
off points ill the sides of the square from the intersection of the centre lines of the hole, and pencil in the sides JKLM of the 
square in the same way as the outline of the plan was done. 

The elevation may now be proceeded witli by first drawing an iadefinito line PQ, a snilable distance from CE, and a similar 
line NO at the top, 4i" from it The side lines PN" and OQ raay now be projected from the plan and drawn their finished thickness. 
The arched opening RT may now be drawn; fii'st mark up centre line ha, the height (1") of the arch above the bottom of the block, 
and set the pencil compasses to an opening of 2^" (the radius of the arch), and describe the arc liT as shown. Then project up 
the centre line of the hole from Im, drawing no, and making it about |" longer top and bottom than the elevation. From J 
id K in plan project points on to the bottom of the block and line of arch, as Li and M| ; through these points draw vertical 
ished dotted Lines as shown, from bottom to top of the elevation, to indicate the position of the hole. 
To commence the end elevation project two indefinite lines UV and WX from the top and bottom of the elevation respectively, 
ftnd di"aw the centre line ef in a suitable position. Then mark off 3" each side of thia line and draw the finished sides UW and 
VX, completing the outline as before. To indicate the position of the square hole on this view set ofi' uM and eK, i" each side 
' ' e, and draw the dotted lines MM-i and KK^. The dotted line SiS-j and LiLj are projectetl from the elevation, and indicate the 
lition of top of the arch part and the intersection of the arch with the side of the square hole respectively. The section on 
line 7L0 IE drawn in a similar way about a centre line gh, the bottom GH being projected preferably from DF of the plan, and 
the sides YG and ZH from UW and VX respectively. Of course, the height GY is 4^", the same as that of the elevations. As 
m are looking at the section from the left, we shall see the right-hand side of the section. 

The parts actually cut through by the section plane should be section-lined as shown, and as described in Art. 39. And the 
section lines on both right- and left-hand side of the hole should be drawn sloping in one direction only, as it is one piece of metaL 

The section lines used to indicate cast ii^on are continuous ones (Fig. 69); as shown, they are drawn with the 45' set-square 
testing upon the T-squaie. The distance between them, or pitch of the lines, is a matter of taste, and should vary with the si^e 
of the part to be sectioned; in this case lines ^^th of an inch apart may be used. They can be dmvvn by judging the distances by 
t}w eye after a little practice, or a line can be drawn at right angles to the slope of the section lines, across the figure to be sectioned, 
and equiil spaces set off upon it by ticking them otT from a scale of equal 
^parts, or by ushig a pair of dividers. To finish the drawing, carefully clean 
ftff any matter or lines not required, but the centre lines should be left, 
projecting about \" beyond the houndary of the view they are shown upon. 
The dimenBionfl need not at present be shown on the drawing. The title 
of the drawing should be neatly written (printed) by hand, at the top of 
Ctbe drawing, making it clear and brief. 

If tJld b^giniidr boa any difficulty Id rcnUzing wliat tlic section on line no, or any other aeotioD, 
diownt h0 10 »troQg1y reoommeuded to make a kind of peroi>&ctL7G akeloli of tbe object, aomewbat 
like tb&t ahown at ^' A " in Fig, 64, or better, if he will take the trouble to cut tbu object out in 

yMow aoap, or mould it with putty or modelling clay. It need not be to ^eale, but abould be rougbly proportionate in size^ Tbis model he cao cut in the desired 
ffoaiiion to eDablo him to realize what ehape the section would be. If he usea a »ketob, and bail difliGulty in deciding bow the part cut by tho section piano will 
upptu', lei bim plaoe the section Hoc upon hia sketch Id the desired poaition, oi no. Then rub out the forward portion (that to be remored) up to the ■ectiiM^ Vveis&v<»^ 
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shown ftt ^B,'' and then try to oompleie ibe aketch **B/* obtuminK the datn ueoosmry to enable him U> do so from the other viewd of the object Fur in«Uoa% 
knowing tlio block to b& retitaii^rulnr with parallel eidefl, bo can add to ^'B" tlio linea* Y(f and H<4. Fig. "C/* Then he knows frtim the oleYtttions that the hole 
goe^ ri^'ht through parallel to the i^idea, ao heoui draw the liuee EK, and MM,, indicating the cut hole. Of courie thk ib onty a sketch, but a student shoold bavo 
no difUcully in idcnttfying it with the aootion on line wo, r^a givt^n in Fi^^ G3, 

59. To draw a Seetion of a Wrought-Iron Beam or Joiat.— -Fig. 65 is a ftoished drawing of the sectioB of the lieaui, drawn 
ill a conventioiial way to a scale of ooe-half full size, and fully dimensioned. After studying fcfie previous exercise, each steji 
the student should take in making this simple dm wing should be obvious ; indeed, all that he should i^equire is a hint or two to 
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Fio, «5,— W. L hvam. 
Finjglied j^cctlon. 



Fjo. 66.— Section of 
W\ I. beam. Firat fitup. 






Fig. 67. — flection of 
W . 1 . beam , S« cou d step , 




Fig. 68. — t^ecliut^ or maximum 
slice stjiDiiord Warn, 



enable him to go ahout it in a %vorkmanlike way. The section being 8ymnieirical about a centre Une, this line should be dra^ 
Irst, iU5 ah (Fig. 06), and the rectangular outline of the section drawn as shown hi the iiguitj. 

It will be noticed tliat the only lines in this figure that can be drawn in a finished state right oft' iire AB and CD. Th<^ 
next step is to describe the arcs/ having previously found their centres as indicated at v and d, Fig. t37 (tliese centres can, witli 
ordinary care and a little practice, be found by trial). The drawing then appears as shown in Fig. 07. All that now remains 
to be done is to carefully join the arcs and complete the outline with lines of uniform thickness throughout. The figure ©»? 
now be crot'iS'haiched or s€dion4iiwL The conventional lines in this case (as the material is wrought iron) are alternately thicl^ 
and thin as shown m the Fig. 05, (liefer to Art. 01.) These sections are now standardized. (Kefer to Art, 6U.) 

60. BritiBh Standard Beam Sectioni, — The form given to the beam section in Fig. 05 is conventional, it being a convenient 
one for drawing purposes. Formerly there was a gi'eat want of uniformity in the relative thickness of flanges and web, and ako 

' It will be uulict'd tliat tlm radius of the are* ii* t h rue- four tbti the tbifknesa of iho inetul. Itahould be explainod tlirit thft uottial rudii vary with difier«.'nt mtJiyff? 
and in moi*t aiBea ihu Uttngea are ulightly t^ip^r in thiekneiki t^s <*htHvn in Fig. 68); but for drawing pitr[>o8es the ubuvt? pruportiona rniiy be uaed, and the tlange* *>^ 
of aniforin ihlokneaa. 
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iii of the fillets aiid ecl*:*3S, to say nothing of the aiiiouafc of taper given t<* the tianges;^ but in 1904 the Engiueering 
Committee puhlished their Report on the Properties of British Standard Sections,^ in which all the aections commonly 

ship and liridge l>uilder5, etc., are standardized. Fig, i>8 
standard dimensions fur the largest beam section, which 

here as an example of a standardized section.^ 

Sectional Shading or lining for Yarioui Materials. — 

thowa the sectional shading that is veiy generally used 

^ the materials used in engineering work. They speak 

elves. 

Drawing of a Staffing Box Gland. (Scale. Ml size.)— 

^ncl 71 show, in elevation and plan, a gun-metal stuffing 

t\ (fully dimensioned) for a 2.y piston rod or valve 




CAST I HON 



WOOD 



Fio. GO, — Conrentional soctiouul Uning for varioas muteruila. 



ommeucing a drawing of these views, the student will first set out 
J lines ah and c^/, as the object is symmetrical about these lines. Now, 

of practice, as has been previously explained, wlienever one of two views 
f or part of a body is circular in form, that view should be ilrawn first. 
out centre lines for the holes A and B (Fig, 72), and describe the four 

plan to the dimensions shown, giving the lines their finished thickness. 
,h 1'' radius, arcs may be drawn about the centres of the stud holes A 
,th a light line, also arc 1>J, of 2j\/' radius, about centre K, then tangents 
CD can be drawn, and the plan completed (as in Fig. 71) by going 
arcs EF and GH, etc, making them uniform in thickness with the 

B. 

devation presents no ditfi- 
d should be easily drawn 



^ due to tho mat! J Con tine ntul 
fibe mi&rket made to metric measure- 

Blied by Crogby, Lockw4x»d & 8on, 
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ttrther inrormntioD rolAting Uy secticm 

!, refer to Clmpter W. 
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At this stage, a good exercise on the above would be to draw a section of the gland made by a plane, cxUting it in halves through 
the line ab (Fig. 71). 

Obviously, its outline would be similar to the elevation (Fig. 70). 

EXERCISES. 

Daawinq Exbboise. 

1. Make a drawing of the beam aectioD, Fig. 08. Scale, quarter full tite. 

SkETOHINO EXBBOI8E0. 

2. Show by Bketches the sectional shading or lining used to indicate the following materials : cast iron, wrought iron, and steel. 

3. Sketch the sectional shading or cross-hatching used to indicate brass, white metal, and wood. 



CHAPTER VII 

STUFFINU BOXES, LEATHER COLLARS, ETC. 



63, In cases wher'e a rociprocatiiig or rotating rod or spindle passes through a cylinder or casing contaiiung a fluid, it becomes , 
necessary to use a sfnjfing hox^ to prevent leakage of the fluid. Thus, every one is familiar with the stuffing box of a steam 
engine piston or valve rod, also of pump rods, and possibly, with the stuffing boxes used on the casing of a centrifugal pump j 
where the shaft passes through it. Another interesting application that attention may be called to is the sliding expansion joint t 
of a long steam pii*e. ' 

In Fig. 73 is shown a sketch of a fituffiug box for a horizontal rod» lettered to show suitable proportions of its parts/-^ (I is i 
the gland, SS the studs, B the hack-lmsh or n£ck-hrmA (which, made of brass or gun-metal, is softer than the rod, and therefoi-e I 
preserves the latter to a large extent from injury by wear; but When necessary the worn bush is easily replaced by a new one), 
SB is the stuffuig box, and (^B oil hox, 

Peoportion 

rf = tD + 1'' with 2 studs, 
rf s |D + Y' with 3 studs. 
a = to + 3(/ + 1" 
ft = D + (f + I' 



OF 



Parts, 
/ = 



J 



c = ^e 



e ^ 5d to 7rf. 



= Udto ly. 

= lid, or IH with oil box. 
h=^a + Y' 
k = 2d. 
p=^B+4d+ V' 
j = p + 2d + Y^ 



It is not practicable to give any very definite rules for the proportions of stuffing boxes, as they differ with cireumstan( 
and some parts do not vary in the same proportion as others ; but the proportions given above may be taken as a guide in cases 
where the designer has not practical experience to fall back on. 

In Fig. 74 is sltown an ordinary marine type stofling box (which has been dimensioned for a drawing exercise), The depth 
of the packing space S, which holds the stuffing, depends upon the pressure of the steam. In this case it has been dimensioned 
for a pressure up to about 150 lbs., but for a pressure of about 50 lbs. it may be made 3" less,^ Further, it may be explained 

* Invented by Sir Samuel Slorto^, 
' Most of tbeso proporttous (irc due to UDwiii. 

» Boxet thftt are not very get-atable tire often made very deep for the pressure tliey Hire workfi^ at, m thiit 
^mme Teumrk ippUes to boso« for valve rods. 
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that it is the practice of some engineers to make the mediuin-pressuro and low-pressure boxes the same liepth as the ono for ll 
high-pressure rod, for uniformity's sak<'. It will be noticed that a supplementary packing, I', is used to prevent leakage of 
and water. 

ORDINARY MARINE TYPE 
STUFFING BOX. 



^2^1^^ 



«-¥-^^ 





Flo, 73. — Stufflng: box for n hori»oiitii! rod. 

64, Stuffing BoxeB with Metallic Packing. — The use of hi(fh pmiSHre sfmm in moilern pmctice lias betjo the cause of a g«3 
deal of attention lieiug given tr> the ioiprovenKmt of stuffinj]; boxes. Although some patent vegetable raid asbestos packings vvi 
very well when in good hands, with pmper attenlioii paid to ensni-e. efficient Inbrioation, too often in vertical engines usi 
high-pressure steam the lubricant only reaches the top layers of packing, keeping them soft, whilst the lower ones get hard » 
charred. So, for some time metallic prickings have been growing in favour where high-presBure steam is used, and, although 
the opinion of some engineers they have so far not been completely successful, they bid fair to entirely su|*ersede all others, 
least for tl*e high-pressure, and perhaps even for medium-pressure, cylinders. There are a lai-ge number of dilferent arnmgemei 
in use, diflering hut little in principle^ so the following example should answer the student's purpose. 

In Fig, 75 is shown the tyx>e of stuffing box that important piston- and slide-rods an? fitted with in the Royal Navy, 
wedge-shaped rings, G^I, of gun-metal, and WM, of white metal, in cuntact with the rod, are made in sections scraped s 
fitted together, the latter being fitted with springs, S, so that any slackness due to wear in working may be taken up, to prev 
movements of rings in the gland, as there is no means of adjustment when under way. iiltht»iigh the metallic packing effectiv 
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-to stay any small leakage «>f steam which passes 
ROYAL NAVY TYPE. 



impact and coutact f>f the hf>t steam, it generally requires to lie supplemeDted liy a few turns of soft packing — placed 

it is remnved from the destructive action nf the high-pressure steam- "■ " " ' ' "* ' '" ' 

allic packing, Siidi an arrangement is shown at 8P in this box. 
ik and gland hushes ai*e Ixfred lanfe enough to allow the lyaclin^ to 
ike h»x when slight lateral movements of the rod oecur. 

Soft veraufl Metallic Packiiig,— \o part nf an engine requires more 
attentit>n iliau the stulling h»»xes, for if fitted with soft packing they 
Qy be sciifwed up until a very large annmnt of unnecessary friction 
bsult. They work at their highest efticiency when a faint leakage of 
is alliiw*ed to pass out with the rod ; this lubricates the packing and 
\ soft. The success in the use of metallic packing depends largely 
I being in careful hands after the designer has done his pait ; particu- 

this the case where the pressure on the rings can be adjusted by 

In the best practice, witli excellent workmanship and experienced 
bts, it gives little trouble, the wear nf the piston-rods being very 
So, for high-pressure it is considered greatly superinr to the old- 
k1 soft packing, altinuigh the first cost is much greater. 
I Soft Packing for Stuffing Boxes. — Any pliable packing that can lie 
, the packing space nf an «irdiiiary stutting box is called ao/t jmcling, 
h the packing may be miiallic, such as the split- rings of coiled copper 
\ gauze, invented by Gii"dwo^)d, for high*pres8ures. But the ordinary 
king is s^pun yarn (a loose kind of hemp rope) steeped in melted t^allow, 

can onhj he sati^f(tdorilif used for vompffratirely low pressures. 

Leather Packing Collars. — For the rams of hydraulic machines, under 

working conditions, the must jierfect packing ^ is ike ii-kathcr, or 
bup-leather collar (invented by Benjamin Hick, of Boltc»n, and used 
[nah>, which is shown in iiositinn in sectional elevation in Fig. 7i) ; 
iced either in a groove in the press, as shown » or in a packing box, 
ti in Fig, 77. The action is very simple, for when the water enters the press or cylinder it leaks piist the part A (Fig. 77), and 
-■le space S (the hole in the collar is made slightly smaller than the ram, so that it is a close fit. and the outer part also 




Fig. 75.-* Metallic ataffio^^ l>ox. 



anibbef ntnl gutta-percha cap*, also lignum vitas tuid braaa Hprin^ rinj^^, hfue been used for paiking, but an tho whol<?, when the contiitlon* are favourable, 
tUiit the leather packing cannot b© improved on, partioultirljr wbeii it id nf a close- fi rain e<i flexible otmlily, from thu mid Ue of tbo buck of tbo animal A 

■ -*- I' "Jne of July, 11^(5, stated that " loather treatM with parftlliii Vm givou good reaults. There ia uo doubt that the melhod of preparation of the 

•tor in itfl imp< rviouaneBH to wator» and I have within roceiit yuura trit'd Yim loatber^ which haa given l)etter rosulU tbaii any I htiVii bi/rclofore 
fH t>f Vim leather claim that their peculiar prtJC4.^aB of tanning preaerveft the fibre, and brinpi the fibre into closer oontacL . . . For light 
(he leather ii» supplied witliout any tiller, but for hi^di pressure thi- leather ia filled with u lubricant which primarily hiirdeud the leather, aud reodefs i| 
vmuii. , , . It i» claimud that Vim lettther will abiiurb 45 per cent, of lubricant, ua ccmpared with 15 per cent, by oak-tanned leutiiei." 
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slightly larger in diameter than the groove fur the same reason) ; the pressure water then forces one part of thf* collar ugai 
the mm and the other against the side of the groove, and the pressure between these parts increases with the pressure of 
water, automatically making the friction proportioned to the load on the ram^ whilst with soft packing in a stutfing box the gl 
must be screwed down tight to prevent leakage at the highest pi^ssure the machine is worked at, the friction being nearly 
same for the smallest load. In the case of a double-acting ram or piston, such as is used in the cylinder of a Ju/d nadir r.rane, 
cup leathers (Fig, 7H), am used. One of these leathers is shown in Fig. HO in sectional elevation. 

In Fig. 79 is shown a simple cup-leather arrangement which has been found to answer well in hydraulic vapda 








1^ 



FiO. 76.— Leather coll iir 
ID groove. 



Fio. 77.— Leather 
ooUor with glaud. 



Fto. 78,— PisUm litted 
with oup l^iilierfl. 



Fio, 



ry. — tyliiiduT (in aectioiOuf 
hydmulic capatim. 



Fio. 8L"H«t i«>tiwr« 



in cases w^here the pressure water acts on one side only. The form of this collar (Fig, 81) resembles a hat, — hence its name. 
is used for keeping valve spindles and rods watertight, 

67. Leather Collar versus Hemp Packing. — Leather collars can he etiiciently used only when they are not exposed to 1 
and when they are eflectively lubricated, as they soon become iiijui*ed if neglected or w^orked in contact with wat^r cha 
with nritty matter Further, it is not practicable to use them when the ram or plunger cannot be conveniently taken out ol 
press to renew them. And for this reason they are not used for lift and accumulator rams, which are kept tight by ordi 
hemp packing, as most pump plungers are, even where tbe prebsm*es run up to 2000 lbs* per square inch, or more. 

In using hemp packing the gasket of hemp should be plaited very tight and ^vell greased, for if the plaiting be done careh 
portions are liable to be torn of!* when it is first used and to find their way into the valves. At first the friction with this pac 
is considerable, but after it has become consolidated the frictiou is greatly reduced. A slight leak past the packing send 



d 



Vncate it. 
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ricate it. But wlien the pressure is great and the conditions are favourable for the use of leather collars, no other kind of 
icking can compare with them, notwithstanding that they are more expensive. 

68. Size of Leathers.— Mr, Welch, in a communication to the Institute of Mechanical Engineers, 1876, gives the thickness 
tor U-leather collars for great pressures as 

Rl t = ^^imtP'^ (1) 

re rf = the diameter of the ram or plunger ; and for the other proportions he gives the depth D as equal to 
e width W (Fig. 82). 

But W is more commonly made as small as practicable, and D from 1| W to 2 W, although, as the 
iction appears to be independent of the depth B, and the wear takes place" neai^ the top, it would appear 
lat D is often made unnecesi^arily large. It also should not be overlooked that the deeper the oollar the 
lOTo the leather is stmined in making it, 

69. Friction of Leather Collars. — No very conclusive experiments on the friction of leather collars appear 
:> have been made since those that were carried out by Mr. John Hick, of Bolton (a descendant of the 
oven tor), many years ago J from which he deduced that if— 

F = the total friction of the leather collar, 
P = the pressure in lbs. per square inch, 
13 = the diameter of ram in inches, 

C = 0314 if collars are in good condition and well lubricated, 
C = 047 if collars are new or badly lubiicated, 
TJien F = P X D K C 





Fio. 82. — Proportitms 
of U -left there. 



(2) 



^^t the total pressure on the ram = PI)^-' So let .r = the fraction of ram total pressure exerted in overcoming friction then 




a;Pl)^ , = PDC 

4 

4C 



VD 



(3) 



EXERCISES. 

Desion, ktc. 

1 A hydraulic mm. 20" dmmeter, ia fitted with a U-leather collar, the water tireaenro 1>eing SOO \h^. per aquAro Inch. ABSiiming that it in badly lubricated, 
Mtimate (a) the total frictian of the ooUar, (6) tlio frAction of ram preaanpe exerted in overcoming friction. What wfiuhS yon expect thb rraction to be wiUi collaTa in 
liooi oondition and well lubricated ? 



For am noooont of some iatereatiog experimentfl carried out by Frofoasor Martens, of Berlin^ in which he fonnd that the efficiency of leather oollara at high 
b nearly conitant, refer to Engineerinij^ Sept. 20lij, 1907. 
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SKETomNG Exercises. 

2. Make a freehand sketoh in good proportion of a stuffing box for a 3" horizontal piston rod. 

3. Sketoh a cast-iron btUked ^land suitable for a horizontal piston rod. What is the object of making the gland of cast iron ? 

4. (a) Sketoh a stuffing box for quite a small yalve spindle. 
(6) A gland suitable for vertical stuffing box. 

5. ^etoh an ordinary marine ^pe stuffing box. 

6. Make a sectional sketch of the Royal Navy type of metallic stuffing box. 

7. Make a bold sketoh of a U-leather for a hydraulic press. Show how the collar is got into its groove if the press is not fitted with a gland. 

8. Sketch a packing box fitted with a hvdraulic hat leather. 

9. Show by a sketch how small pump plungers are kept water-tight by leather packing. 



Dbawino Exercises. 

10. Make half-size drawings of the stuffing box (Fig. 73) for a 4" piston rod. 

11. Make working drawings of the ordinary marine type stuffing box, shown in Fig. 74. 



Scale 3" = 1'. 




CHAPTER V 




SHAFTING, CRANK SHAFTS, CRANKS, JOURNALR, ETC. 

^^* Shafting, its StreEf tb, etc. — Every young engineer knows that a bar aiTanged to ix>tate ahout its axis, and in so doiag to con\ 

^^^^tributt* motive power, is called a shft/t, and that shafts are supported by and rotate in what are called hmrings, the suppo^ 

^'cjtical shafts being either fooUkj) or collar hearings. He also knows that the parts of the shaft which fit in the bearings are kij 

*8 jmrnah. And that when a shaft is too long to be made in one piece, or when it Is necessary to connect two shafts or lengti 

gifting together (ordinary mill shafting l»eing made in lengths not exceeding 20', and in diameters which advance by quarters i 

ifich), a coupling is used, Now the jounials of a shaft are always circular in section, but the shaft ur axle,^ although its j 

ecoooTuical section (tlie one tliat is always used by preferf?nce for the sirai>Ie tmnamissioo of power) is circular, may be made sqj 

or some other section to meet tlie requirements of a particular case.^ I 

Now the exigencies of space forbid oiu- g«ting into these matters in such a way as to prove the truth of every equation nsfll 

that the beginner without some pi-evioiis training in practical mechanics, or the assistance of a teacher, could follow it ; andJ 

being so, frequent reference will lie ma^^e in f<x)t-niites to such books as students will either possess or have the use of, so thati 

may plod through their difliculties if the assistance of a teacher is not available. I 

In CAlcidating the rliameter nf a sliaft the simplest cases tliafc occur are the following: — 

(a) Shafts that Transmit a Uniform Twisting Moment or Torque,^ ffud arr so short t/iaf the bending afiion due to their own u 
can i*€ neglected. In these it is only necessary to equate the torque (twisting ninment) to the moment of resistance to twisting, j 

(b) Shafts where Combined Torsion and Bending occur, the bending being due tu their own weight, to the thi'ust on a craq 
the weight of wheels, the pull of belts, etc. ' 

71, Cau {a). Torsional Strength of a Shaft Transmitting TTnifor m Torque. — In books on practical mechanics it is proved * thafi 

d ^ the diameter of the shaft in inches, 

T ^ the twisting moment or torque in lb. -inches, as measui^ in either of the Figs, 83, 84, and 85, 

/, = the maxiitmm shear stress the shaft is subjected to (called skin stresaX 

N — Number of n* volutions per minute, 



i^ed * thafi 



' The term axU it freqneDtly ub(i<\ v^htn it would fl[tpear that »ha/f would be more nppropriatp, but iL is notea^y to lay down any fixed rule in thii maUer,' 
tismiii MTf* rather indiscriminately med, althnut^li, Btrtctly, the term »hnuld only be used fnr shafta eabjeotod to bending only. 

* Am for example^ in tome motor p:ear shafts, along which the chanjjre wheela ar© moved* 
^ ThU term h now commonly u&ed mh a synonym of iwipiimj moment. 

* In Lm*'hum'8 ** Mechnnienl Engineering:," ]k 417, there is u ^mple pr<wf. 
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Then the twisting moment T e modulus of section for torsion x /> 
That is 



T ■ rf« " /".at '-^' 






And 
also 



. J V51T 



filT 



(5) 
(6) 



78. KXAMPI.K.— A Hhort wrouRht-iroii shaft is to transmit a uniform torque of 20,000 Ib.-ins., and the skin stress /, has beei 



fixed at 7500 lbs. \wt H([. inch. Find its diamoter. 



2*380 



Am, d m 2':\M\ flay 2}/ iho lumrost ]" 
73. Ctm (hy Combined Torilon and Bonding, tho Twiittng tnd Bonding Momonti unvarying.— The counter-shaft (Figs. 86 and 8 
ahowB all oxample of thifl kind, when uRod to driven a iiuudiiiM^ of uniform rosistanco. 




F!o«. 8n» 84. 8ft. Moasuromoni of twiiitinfc moment T. 



Fio. 87. 



I-K5t T « Twisting momont in iwvhm and ponnds. 
M h m Bending momont in inchow and pounds. 

M T, or An equivalent (whtittt/ moment, oqnal in its oflfoct to combined ^<**^'^^^*.7 «"^^ bemiing 
., lit « an equimient t>etufifu; moment, ixpial in its offoct to combined t^^^^^^S ^^^ bending, 



Now, most student* know how to find tho greatest hendi 



ng moment, 



\x (which of course is either at M or N), in such a case 



1 
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*^ a\)o' 



' . ^bove, where the positions of the pulleys iu relation to tlie bearings and the tensions of the belts are known. Obviously, the 

""'«<% moment, T, equals (Ti - ^,)K = (Ta - ti)^^. 

But before we proceed we had better be clear as to how the case stands when the — 

Shaft or Axle is sabjected to a Bending Homent, B, only.' — In this case it can be proved '^ that — 



32'' 10-2 






^ro-2B 

/ 

(There /equals the skin stress in tension and compression per sq. inch. 

74, Example. — A wrought-iron revolving axle is subjected to a bending moment B = 25,000 lb.-in3., and the maximum 
stress is 5000 lbs. per sq. inch. Determine its diameter. 

D *• /Tx J •• /10-2 X 25,000 ^_ 
By equation (7) rf = V g^^Q^ — = 37 

Alls, d = 3-7", say 3g" 
75. But when the shaft is subjected to combined twisting and bending, it is proved in works on the theory of elasticity ^ that — 

T. = B + v/B«~+ P (8) 

and B^^B + v/B« + r.- (9) 

Thus T. = 2B. 

So, equating the moment of resistance to twisting (Eq. 4), to the equivalent twisting * moment (Eq. 8), we have — 

~{ = B + y/b^ + V 

O'l 



> Some axles are fixed and the wheels rotate on them (the back axle of a chain-driyen motor-car, for instance) ; obviously they are subjected to bending only. 
[ * Lineham's ** Mechanical Eugincering," p. 430. 

> A very simple proof of tliis, Bankine's, formula is also given in Goodman's *' Mechanics applied lo Engineering," p. 489, and in Junes' ** Problems in Machine 
J>e&ign^" p. 74. The forrauiss are only true for circular sections. 

« The equlTalent twisting moment (also equivalent bending moment) is only equivalent to the actual combined moment, in the sense that they produce the same 
neatest direct or shearing stress. The above formulso arc due to Bankine, who argued that the second skin stress, i.e. the one perpendicular to the maximum stress, 
bftd no effect. But many experiments go to show that his formulse, if btrictly used, should only be applied to brittle materials. However, usually the factor of safety 
cmploycMi is such that there is a sufficiency of strength, particularly as there is a lar^e reserve of metal that is very little stressed. For these reasons, coupled with the 
foot that the formula is in general use, Rankine's has been made use of in working the examples which follow : — 

The Vrtneh formula for the equivalent bending moment is B« = iB + f^B^ = T^ but this appears to be almost equally uusatisfactory, with the further 
diattdTantage that, it is not so easily manipulated. However, the Oaest formula (Art. 76) is more simple in form, more easily handled, and it agrees more closely with 
•zperioiental results tor dvotile materials such as wrought iron and mild steel. 
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d = ^(_B.+ v/B« + T^)5-l 
And if B = FL and T = FE, a more convenient form is — 



r? = ^ ^{^ + y/^' + R^)5'i 

76a. Example. — The diameter of a mild steel crank shaft is to be fixed, the radius of the crank being 16", the 
(distance between centre of crank pin and centre of bearing) 10", the maximum thrust on crank pin 10,000 lbs., and the 
skin shear stress, 6000 lbs. per sq. inch. 



By equation (10a) 



d = ,VlO^OO(10 + V^IO' + ^6') 5'^ ^ 6-25 
^ 6000 



Arts, d = 0-25" 



76. Ouest^s Equivalent Bending Moment — We have seen (Art. 75) that the Eankine and French formulae usually emp] 
the equivalent bending moment, are somewhat inconvenient in form for expeditious use, and, strangely enough, it has hi 
that for the ductile materials generally used for cranks and cranked parts, the results do not very well agree with experim 
have been made. 

In thiB oonnection it should be explained that Mr. James J. Guest oommonicated a valuable paper to the Physical Society, which was read May 25tl 
Vhil. Mag., July, 1900 *), iu which he snows that, in the cctse of crank shafts, the greatest streM and greateet strain theories lead to too small dimensions, an 
that the greatest shearing stress theorj leads to the equivalent bending moment B# haying the following value — 

B, = Vb« + T« 

And from experiments that have been made, this formula (known as theOuest) agrees very closely with the results for ductile metals. It has the added a 
being very simple, and, of course, when applied, allows of a lower factor of safety being used than should be employed for such ductile metals as wrought in 
steel with either the Rankine or French formula. 

The Guest formula easily lends itself to graphic treatment. For, referring to Fig. 88, we have B = FL, and T = FE, 
is the thrust on the crank pin in a direction at right angles to the crank. Then (as in Art. 75) we have 



Be = v/B*-^ + P = Y\/L' + E'^ 



But AD, the hypotenuse of the right-angled triangle ACD,^ equals n/L*^ + E, and by construction, AE = AD. So that F 
the end E of the arm AE subjects the crank shaft at A to a bending moment which is equivalent to the actual combine( 
and twisting moment, in the sense that it produces the same greatest direct or shearing stress. 

* Refer also to Phil. Maq., Feb. and Oct, 1906, and to results of tesU by Mr. E. S. Hancock, American Society of Testing Materials, 1905 and 19€ 
Perry's "Applied Mechauics," p. 356. 
« Euc. I. 47. 
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lat in cases where the diameter of the shaft has to be determined we have, by equating the moment of resistance to bending 
equation ^ — 



cP.J^/=Fs/U-hK' 



(llA) 



the skin stress in tension and compression. 
[oUow Shafts. — Shafts are made hollow to distribute the 
more eflSciently and to reduce their weight. Obviously, 
fth of the hollow shaft (Fig. 88a) is the strength of a solid 
iiameter D less the strength of a shaft the size of the hole 
luld be stressed if it formed part of the larger one. 

r hollow shafts the torsional strength T = - — ^^ — - ^/, 



D 



16'' 



d =^xD 



D 16-^' 




Fio.88. 



" = V(I^ <'^' 

ow and Solid Shafts of Equal StrengtiL — In the case where a hollow shaft is to replace a solid one (of the same material) 
;s of resistance to twisting must be equal, or 

dl jg/. jy— jg/. 

•7), rf,8 = ^^^ = D8(l - a:*) 



D 



D = Vrf 



(13) 



equivalent twisting moment Tc = 2F(L2 + R*), and this would be equated to the moment of resistance to twisting <i*,^/,. 

ta in naval Bbips are invariably made so tbat they may have the greatest strength with the least weight. The general praotioe is to »««>*- 



I 
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And if « = 2,thenri'i«=D''|| ^' 



or 



D = .«»>7j|=l 



022d 






And thus we find that for the hollow shaft to equal in strength the solid one it would only be slightly over 2 per cent larger, and 
its weight would be 22 per cent, less than the solid oue. 

As a further compensation for the increase in the cost of its production, it is much stiffer against bending by its own weiglst 
than the solid one, and therefore the bearings can be further apart. It is usual to close the mouth of the bore after erection to 
prevent corrosive action due to water getting inside and between the flanges of the couplings. 

79. Example. — It has been decided to replace a solid 16" shaft bya hollow one made of steel 10 per cent, stronger. The 
hole to be 0*6 the outer diameter. Find the size of the hollow shaft, and the ratio of the weights of the two shafts, assuming thit 
their densities are the same. 

In this case the shafts are made of diflTerent materials, so 

rfiy, = D8(l - a^V;, or rfi« = D«(l - x-*)-^^ (14) 

T*^^^ ^ = V (r^' = V [i-(o,)^]ii o = ^6 24 

.,,,,.„.,, D^-^cP 162-42 - 8-122 66 
And the ratio of weights = — =-p— = ^^^ = ^^ 

A71S. D = 16-24", say lej" Eatio of wts. = 66 to 100 

Bepresenting a saving in weight of 44 per cent. 

80. Cnuiks. — In Articles 75a and 76 we have discussed some matters relating to crank shafts. It now remains to give atten- 
tion to cranks and cranked shafts, but although the engineer is called upon to deal with a number of types, only the more important 
ones can be explained in tliese pages. The best shape for a crank depends partly upon whether it is made of cast iron, wrought iron, 
or steel. By far the most reliable material is wrought iron or steel, the last named l)eing now almost exclusively used ; indeed, caflfc 
iron is rarely used now except for small cranks for cheap machinery. But the expense of forging large cranks is very great, mm 
particularly as it is impossible to forge them very near the required form, which means that the weight in the rough, and cost, ait 
greatly in excess of that due to the finished size. And these are the reasons why cast iron is occasionally used for cranks; when 
they are well proportioned and the work is not too severe, they rarely fail On the other hand, for such jobs as deep well pompi; 
where the work is apt to be very trying, they are not to be recommended ; and, further, at the best they must be larger than 
wrought-iron ones, which is often a disadvantage. 

In Figs. 89 and 90 are sliown two views of an overhun<j crank of the usual form for wrought iron or steel. The proportiooi! 
marked on them may be used for ordinary cases. 
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Fids, d2f 98.— Built-up QuSd-oompreBBed steel omuks. 
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In the beat practice the boss of the crank is cither ahnink on or forced on by hydraulic pressure ; a key thert is not required, 
a small pin is driven in a hole drilled partly in the boss and 
t as shown (Fig. 90), a flat or groove being made on the pin 
Jow the air to escape when it is driven in. Tlie crank-pin is 
illy fixed to its boss by riveting, as shown in Fig. 91, alter- 
ve fixings being shown in Figs, 89 and 91a, the latter also 
ring an alternative way uf finishing the end of the crank 
t where the emnk ia fitted. 

^1. Built-up Cranks. — Tlie marked increase in recent years 
ie dimensions of crank shafts for marine purposes has led 
w old-fasliioned wrought-irun shafts being almost entirely 
Lced by steel ones. Althougli at first these occasiunally 
d after running some time, breaking at the junction of 
p the shaft or crank-pin with the web, tliis trouble has to 
•ge extent been overcome by using softer steels, and by 
ul annealing after Ijeing forged. Larger fillets aiul more 
.bearings in more perfect alignment have also helped to 

the number of failures. 
Juch shafts have the additional advantage of smaller pins 
aals, with lighter connecting rods, and in adopting them 

ire got rid of the uncertainty which was always felt as to the soundness and continuity of wTonght iron in heavy bmlt-up forgings. 



Tmmm^l jjit-Hnni tlit? moHt \mTtvat [jractic^ 
Ijiarlimi'ruiik sliafta. It is ono of the; tlireo 

Euweph Wliiiworth'H works at Maiicbestert 
uteul, lor the S,S. Citt/ of Home, its weight 
i B worn forget! liollow^ and the llanges 
J Ui tho proptjf tliameter. They were then 
led all liver, the parts fitting into the wobs 
I^ J^" diaineler being alh^wed un the other 
polisliing; after the |«irts had been slinmk 
iri^ro keyed as well a** shrunk' on ttn tin* 
ro forged hollow, njugb-bured, and turned 
leniHl and ground np true in tlio latlie by 
lh\i« completely finished lM}f\:>re being abrnuk 
webH were forged from very hirge ingots 
unehed and worked all round the eye on a 
then planed, boi-ed togetlier in I>air8, and 
on a slotting mac bine, 
l*r» are shown the form most favonrcHl for 
leight ia not live first consideration/'' The 
yf t= l'8to2f/, f = &i\ toO'7*V/,^^ = ulw»nt 
f/, Tim distance tf should not bo li^ss than 
be danger of the pin and shaft working 
lieoks arc either shrunk on or forced on to 
[ iMther cato the hole is mode ,^>\,^t of the diameter 




Fw, 9t^— Four ilugos in tlio oiAilll 
I, rniiik aliatl rou^b forgi-il, plMi 
'2. Crioik tiliiirt welkri formed rxt«] 
il i>ttnk fthttft rough tunud niid| 
•I. Onink iliufl finiBbcd. 



less 
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P^^ is used, its diameter may be ^K^d + 0*39", but two smaller ones, as shown at P, are better, as tbey do uot weaken the 
pJ^tt between the pin and abaft. 

82. Petrol Motor Crank Shafts. — ^The stages in the nianufactttre of a slotted-out motor-car crank shaft are shown in Fig. 96 (taken 
'^y kind permission from Messrs. Willans and Eobiiison*s pamplilet), but the operations vary little in the manufacture of this type of 
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Fio« 96 A.— Petrol motor crank aliaft. Offset tjpe, 

shaft, whether it be for a marine or motor car. The drawing should speak for itself. The greatest care need be exercised in 
selecting material for crank shafts, but this particularly applies U-> motor-car work, where the dimensions must be kept down, and, 
therefore, in the best pi-actice no expense is spared to secure materia! of the very highest quality. 

Experience has proved tliat one of the finest steels for this purpose, if not tlie finest, is oil-tempered vanadium steel, which shows 
a unique combination oi high Uatic strayjtli (and especially a high ijidd-point) with high resistance to shmh andfatifjue; indeed, it is 
claimed for it that it is the best steel yet produceil for dealing with the severe strains * to which crauk slmfts are subject, 

83. Petrol Motor Crank Shaft (Drawing Exerciae). — We have shown in Fig. 96a a petrol motor crank shaft of the offset type. ItJ 
is fully dimensioned and may be drawn to a scale of half full size. 

^ Th€ Qfank ah&fta of iDtenial oombostion cmgioefl ^urin^ the sQctiua stroke of the piatoo m^ atibjeoi to a reveraod torqae. 
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CHAPTER IX 

COUPLINGS, CLUTCHES, ETC. 

84. We have explained that whenever a line of shafting exceeds some 20' in length it is made up of two or more lengths, connected 
together bj what are technically called conjdhig.^, many forms of which am in use. One of the simplest of these is the hntt'inuff 
€0t/pHn^, three views of wliich are shown in Figs. 97, 98, and 99. They are arranged to form a drawing exercise, in continuation 
of the pi'evious ones, and it will be convenient to touch upon the principal features of the arrangement as we describe how it may 
be drawn. 

85. Drawing ExerciBc.— To draw a Butt-muff Coupling, (Scale, half fall size.)— From an inspection of the figures ^ it will be 

BUTT'MUFF COUPLING, 




Pro, 97, 



SECTIONAL ELEVATION 







E,KO ELEVATION. 

Fig. 91>. 



■ It wiU be seen that tbo proportional (larta in terms of the unit are gf reu, but it h&A beea aleo dimeaflioned for « S" shaft fta a drawing exeroUe. 
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seen that the sleeve mvff, or hox, B, is slid ovor the ends M and N of the two pieces of shafting that butt, and ai'e rec^ 

coupled together, and a taper key, K, is used, as shown, to fix the hox to the shafting so that one length may transmit a torque 

or twisting action to the other. Now, rememhering what we have said about commencing a drawing of an object that baa n 

circular part, it will be seen that thifl ia a case where the end views, Figs. 97 and *J9 (or as nmch of them as possible), sboulJ 

l>e drawn first; so, having drawn the circles, the section of the key (taken fchrougli the centi-e of the coupling), Fig, 97, can be 

set out. As this is an important detail, it is shown in Fig. 100 to a larger scale. Ttie point A, on the centre line and circleiifl 

J iff 

centre of the section, and the thickness of the key here should be half its breadtli. Now, the rule for breadth W is, j + ni 

P 31 Y' 

Sen in this case, W = -^ + ^ = 1", and BC = i", so the depth, AG, of the keyway (which is uniform throughout the lengtb') 

becomes {", the full taper of i" to the foot being given to the keyway in the box. Fig. 101 shows the key in pictorial projection. 



w^ 




UNIT^ 






d4i': 



SKETCH 



8 INCH, 



Fig. 100, — PropoHiona of ujuk key. 



4 

TAPER OF KEY 

-gmCH PER FOOT 
0¥ LENGTH • 




pomr. 



With these hintrS, the student should now experience no difficulty in drawing the three views shown, and in setting out a compt 
plan of the coupling. He will notice that he is instructed to make the drawings to a scale of half f nil size, that is to say, bft 
is to draw tlie object nne-half its real size, but he would not dinieiisiofi the drawing with figni^s one-half of the original ones, 
as the dimensioas on a drawing i7idua(e the real me^ and are independent of the scale to wliich the drawing may be made. AU 
horizontal dimension.^ are placed to read horizontally in the spaces left for them between the dimension lines, and all vertical 
dimensions read from bottom to top of dmwing when looking from its right-hand edge. The points of the arrow-heads must touclj 
the lines between which the dimension is taken. 

Every important part should be dimensioned on at least one of the views, and in cases where a body consists of two q( 



Tbc^ 



taper U ulw^yfi timilL< on tbe c^^npHn^ or bosB, which is litte^l to tbe nhiift, excopting when the hmj ts fiied» and the bois moves along the shafl a thop 
en caned tt/&afW)ifl ' " ' - - -- - *• 



dietance ; ihv. key (which 
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lore divisioDS of its length, breadtli, or thickness, the overail (snni of its parts) dimensions shoiilil be shown ; indeed, in some 
aaes it saves time in reading a drawing (when it gets into the works) if important dimensions are occasionally repeated on 

It should be explained that althougli tho muff-coiipliug is the simplest one in general use/ it requires to he very carefully 
tted if it is to be a fii-st-rate job, for, obviously, unless the depth of the key way in each of the shafts to be coupled he exactly 
tie same and the diameters be the same, the key will l)e hedded on one shaft whilst the other will be loose. To prevent this 
MDening, some engiueers make the key in two lengths, and drive them both in from the same end, one for each shaft. Or they 

■T ° LAP BOX. 



CASED- BUTT. 






ACTIONAL ELEVATION 

Fio. 102, 



END ELEVATION, 

Fig, 103. 



SECTIONAL 

Fio. 



ELEVATION. 




SECTION. 

Fig. m'K 



I 

fBy lie driven from opposite ends, a.s shown in Fig. 102. This figure and Fig. 103 also show how the coupling is cased when it 

isueoessarj' to protect the key-heads from coming into contact with the clotlies of workers. 

^^Propertitm.^. — Taking the unit as d + 4", the usual proportions ai*e shov^ii on the figure.^ in terms of the unit. 

^f Materials, — Tlie box is made of east iron ; the shafts, usually of wrought iron or mild steel ; and keys, of mild steeh 

86. Fairbaini*s Lap-Box Coupling,— Figs. 104 and 105 show an excellent but expensive coupling introduced by the late Sir 

W. Fairbaim, but not often used now. The usual proportions are, in terms of unit ^ d + i", L == 2, / = 0'8, t s= 45, taper 

>f Jap about 1 in 12. The function of the key in this case is only to prevent the box sliding ofl* tlie j*)int, so a saddle key is used, 

B|bown ; but, as the shaft is weakened %vhere the lap is formed, this part is made 25 per cent, larger than the diameter of the shaft. 

HL'l chmptr farm (but a weaker one) of this coupling is shown in Figs. 106 and 107, the ends not heing enlarged, which is 

Bowahle in some cases, as it does not often happen in line-shafting that the shaft is strained to its full tordmuil strength. Witli 

nit =^ d + i" the proportions may be L = 2'6, / ^ 1*5, t s 0*45. A sunk key is shown, l>ut one fitted on a Jlat^^ or even a 

wldle key, would suffice. 

* These box couplings can be need tia pulleya when required, whioh la an Advantage. 
' Sefttc^l on li Oat, uuiohiEed or Sled on the shaft, the eamt; breadth an the key. 
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87. Flange Couplings are largely used, particiiUrlv for shafts over 3" diameter. Figs, 108 and 109 show the form this coupliiig 
takes when it lias to transmit a torque equal to the Ml strength of the shaft (which does not very frequently happen); the ends 

of the shafts are then enlarged as shown, so that they are 

not weakened by the key ways. For a line of shafting t<> be 

HALF LAP. i^ perfect alignment, the greatest care is necessary in fitting 

L H I ^^® couplings, 80 in the best practice they are either shiunk 

y///j^/////^^^ yf77??>>s^ ^^ "^^ forced on by hydraulic presanre; about ^" length of 

the shaft being arranged to project from one face to enter the 
other and keep the two in position.^ The keys, with these 
tight fits, need not be fitted very tightly, but when the flanges 
are not shrunk or forced on, it is most important that they 
should be carefully fitted top and bottom, and well driven 
home, or they %vill work loose ; this slightly cants the coupling, 
and to correct this the length of shafting is put in the laihe 
and the fianges trued up after keying. Either gib-lieaded 
keys, as in Fig. 108, or keys ckiveu from the face, Fig. 110. are 
used. The latter makes the safest® job. 





SECTIONAL ELEVATION. 

FIG. 106. 



SECTION. 

FIG, 107. 



The following proportions are those given by Unwin, with slight modilications ; — 



PKoroRTTONS OF Flangk CoupLmo (Figs, 108 and 109). 



Let K — number of bolts (refer to following Art.). 
S = diameter of bolts* 
il = diameter of shaft. 

Then Uuit - ff + i" rf = 1^12 

I> = 2 + 6*58 i = 0%5 

Di - 2 t^^ 2-5S 



/ = V25 
0'6rf 



8 = 



\/N 



The screwed part of the bolt may = 07? in diameter, and the minimum niirober of bolts is 4; for shaft over IJ" diameter 
N may equal ^t^ + -^» It is usual to use only even numbers of them, but tliere is no rational reason why this be so^ if the 
coupling is properly fitted. 

88. Strength of Bolts. — In ordinary line shafting the Ijolts in a flange coupling are often subjected to a good deal of tensional 

* Of oourae this c^m only W done wLco the Bhaftt uro tlie eaine diameter ; in coeeft whori.' tboy aro unequal, Ihe fa<m of the conpling are made spigot and kocM 
to proterve alignmeut, but vflien tho «haft« art» Joog, Ihii iLrraugement ia ofton ^'ery troubbBome if a leugtb is to be diBmountec)» oa tbe faoes oamiot bo «lid oo 



another 

' Projecting koya are yery daogoroui, and alimild never bo naed in expoied po^itiotifl unlemi iirotooted 
bead0. 



The author wltneaaed a terrible fatAl acxjident due lo i 



COUPLINGS, CLUTCHES, ETC. 

stress due to the bending action of the sliaft, and as this is in addition to the pure shear stress the bolta resist due to the torque, 
this latter stress must he proportionally reduced. From an examination of several cases that have stood well in practice, and 



FLANGE COUPLING. 



PULLEY FLANGE COUPLING. 




SECTIONAL 
FIG. 106. 




ELEVATIONS. 

FIG 109. 



SECTIONAL ELEVATIONS. 
FIG. MO. FIG. III. 



appeared to be well designed, the shear stre-ss in the bolts had a mean value of about ^ the skin stress of the sliaft. This being 
so, we will de<luce an equation that will enable us to readily determine the Itolt diameter from the usual data. 

So, assuming f, = 9000 for shaft, and /, = 4000 for bolts, the shear strength of one bolt X R X N = moment of resistance 
to twisting of shaft, 



And 



.-. S« X ^ X 4000 X K X N = rf«^ X 9000 
4 lb 

S* = -i 7 — ^^^^ — =. But on an average R = V5d 

4x4xNxE ^ 

.8 = -^ nearly 
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TiLaefi ^ou;pAyiQ;j0 (|L5) 



And this value we have used in the proportions above. Of course, should c come out an odd fraction, the diameter of bolt used ] 
would be the nearest I'* above, 

89. Pnlley Flange Coupling. — Figs, 110 and 111 show a slightly modified and useful form of the coupling just examined. 
This is fitted to shafting without enlarged ends, which are expensive to make and have the disadvantage that split pulleys have 
10 be used. It can be used as a small pulley when convenient. 
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Suitable Proportions. 



Unit = ^ + i" 
B^d + O'S 



1= 1-4 

a = 0-55 

B = 0-55 + 38 



90. Claw Coupling. — Many years ago Mr. Box called attention to the evil effects of the rigidity of muff and flange co 
more particularly when used for large shafts, say of 6" diameter or more, as there is want of accommodation in case 
adjustment in fixing or faulty alignment, or further, should a bearing be neglected and wear down considerably more t 
rest. With small shafts this is not so serious, as they spring, and more or less adjust themselves to such irregularitie 
heavy shaft may be too stiff to do so, and therefore requires a yielding coupling, such as the one shown in Fi^ 112 a 

which consists of two castings (one on each shaft) each wii 



CLAW COUPLING. 




FIG. 112, 




FIG. 113. 



projections or claws which fit in corresponding recesses 
opposite casting. When fitted or machined in the usual w 
couplings become rather expensive, but Mr. Box suggested 
simple way of inexpensively making them which has i 
recommend it. He proposed to cast one half upon the c 
first casting one part in the usual way and then using tl 
chill to cast the projecting parts of the other on, the chil 
faces lasting longer, as an additional advantage. When 
this way, the castings would be locked together as the 
from the mould. They are bored, then separated, the ] 
cut, and they are ready for use. Our drawings show t 
usual form of this coupling as arranged for disengag 



part A being keyed to the shaft, and the other part B being made with a groove G into which the forked end of a levei 
so that by a movement of it the part B can be sUd along the feather F (a parallel key fixed to the shaft) engaging or dis( 
the sliding part with the other part, and in so doing connecting or disconnecting the shafts. The former, of course, ( 
be done whon the driving shaft is moving very slowly ; even then a great strain is thrown upon the shaft and its fittings. 

Proportions of Claw Coupling. 

Unit = rf + 1 Da = 1-6 

L = 2-65 /a = 0-6 

D = 21 X = Y = 0-3 

Da = 1-5 Z = 1-25 

91. Propeller and Crank Shaft Coupling (Figs. 114 and 115).^Xbese shafts, whether they be solid or hollow, are c< 
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V>y flange couplings, the flange being forged with the shaft. Conical bolts are now generally used to hold the flanges together and 
transmit the torqne. The taper is generally made from 1 in 25 to 1 in 15, with the larger taper the heads being often dispensed 
'with. The bolt holes must not only be accurately bored but also rimered out to the correct taper when the flanges are together. 

The screwed part 6f bolts is made smaller than the body, as shown in the figures., to keep down the size of the nuts and flange. 

We have seen (Art. 88) that when d = the diameter of a shaft and e the diameter of the bolts, N the number of bolts and 

B the radius of the bolt circle, 



^\f:^^^d^y. 



or for hollow shafts 






but the bolts are generally the same material as the shaft, and if we assume that they are subjected to shear stress only, then 
/»' =/. and E may = Q'ld (or 0"7D, the outer diameter of hollow shafts). 



Then 



_d rjr_ 

~ 2 V 0-7N 



0-7N 



(16) 



MARINE TAIL SHAFT. 



which varies from ^ to ^^ according to the number^ of bolts used. This number being rarely less than N = ij. So the following 

proportions may be used : — 

98. Proportions of Marine Coupling (Figs. 114 and 115). — Tliickness of flange 
« 0-25 to 0-28rf (or 025 to 28D for hollow shafts). 

Minimum number of bolts, N = ^ or -s- for hollow shafts 

Diameter of bolt circle = D' = 2E = VU or 1-4D for hollow shafts 

Uta% diameter of bolts 8 = oV (vra' 







I) 



SECTIONAL ELEVATl'ONS 

Fio. 114. Fio. 115. 



•nd for equal strengths of solid and hollow shafts d? = 

In naval practice a larger number of smaller bolts are used to keep the diameter of the flanges down. The diameter of flange 
equaUing VAd + 2*28 or 1-4D + 2-28. 

' An eTen nnmber of bolts is uaod for a iwo-wavk engine, whose shaft is in duplicate halves : whilst for a ihrtt'Crwnk engine, whose shaft is in three duplicate 
patti, the nimiber of bolta it a multiple of 8. 
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EXKIiCIHES. 

K T}i« dUtmtiitr c4 ihh bolt circle of a flanged conpling for a .^" »liaft i» 15", aikI thcro aro 6 bolts. 
fl^fO Ujs, per tq, inch, the nkiii Mhear »treM of the flmft Mn^ WHX) ]]m. per nq. inch ? 



What Bhonld their diameter be if their working strees ii 



Drawimo Ezeboiskb. 

2, Make a let of drawioj^i of a butt-muff coupling for a 4" fhnft. Hcale, H" = V, 

5. Make a ff^t of working drawings of a flange coupling for a R" shaft. Bcale, quarter full size. 
4. Make wr/rking drawings of a cast-iroD claw coupling for a 3" shaft. Bcale, half full site. 

A. Draw three Tlews of a marine crank shaft coupling ; diamf;tcr of sliaft 12". Scale, ^" = 1'. (For proportions, refer to Art 92.) 

BXRTCHnfO EXERCIBEi. 

6. Bkf^h a bott-mufT coupling. And also show an alternative way of fixing with the key in two parts. Wfiyis the latter arrangement likely to make the 
best job? 

7. Sketch a cased butt coupling using two gib-head keys. 

8. Hketch a cheap form of lap coupling. 

9. Sketch a pulley flange coupling. What adrantage has this form over the ordinary one shown in Figs. 108 and 109? 

10. Sketch a claw couplmg. What precautions must be taken in engaging this coupling ? What factor limits its use? 

11. Sketch a marine tail shaft coupling. Why arc the bolts made taper ? 



i 



CHAPTER X 

KEYS AND PIN KEYS, ETC 

93. "We have seen that when two parts, such as a coupliDg (or wheel) and a shaft upon which it fits, are to be fixed to prevent 
a rotary motion of one about the other, they are generally keyed together. Now, there are various ways of doing this, which 
vary considerably in relative costliness and efficiency, and an examination of the following examples should enable the yoimg 
engineer to select the one which will on the whole answer his purpose best in any given case. 

A key is a wedge with parallel sides. When both ends are accessible, it is made without a head, as it can be drifted ^ out. 
A side view of this form is shown in Fig. 116. In cases where the small end of the key is inaccessible, the key is made with 
a head, as in Fig. 117, and becomes a gib-head key; a wedge may then be forced between the key head and boss of wheel or 
coupling to withdraw the key. 

Taper. — The taper found to answer best is J" to the foot of length. 

94. Saddle or Hollow Key. — This key, with the usual proportions, is shown in Figs. 118 and 119. It is only suitable for 
light work, as rotatory slip is prevented by friction alone.* 



TYPES OF KEYS AND KEYING. 



PLAIN KEY 



GIB-HEAD KEY 



SADDLE OR HOLLOW KEY 



DC 




TSAY^B 




Fig. lie. 



Fio. 117. 



FiQ. 118. 



Fio. 119. 



05. Key on Plat. — Figs 120 and 121 show this key. The flat on the shaft being parallel to the axis, the draught or taper 
is made on the part to be attached to the shaft, as in the previous case. This arrangement is more secure than the preceding 
one, and is suitable for rather heavier work. 

' 06. Sunk Key. — This key, which is shown in Figs. 122 and 123, is always used for heavy work ; the key in this case fits in 
a sunk keywayy whose bed is parallel to the axis of the sliaft, and whose depth is half the mean tliickness of the key, measured 

* A tool resembling a bent blunt chisel, used for forcing out keys with u hammer* is called iv key-drift. 

* Pulleys or riggers fixed in this way can eitsily bo shifted to another position on the shaft. 
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EXERCISES. 

Design, etc. 

1. The diameter of the bolt circle of a flanged coupling for a 5" shaft is 15", and there are 6 bolts. 
8000 lbs. per sq . inch, the skin shear stress of the shaft being 9000 lbs. per sq. inch ? 

Drawinq Exebotses. 



What should their diameter be if their working ttrees is 

An$. d = 1ft". 



2. Make a set of drawings of a butt-muff oouplingf for a i" shaft. Scale, ^" = 1'. 

3. Make a set of working drawings of a flange coupling for a 5" shaft. Scale, quarter full size. 

4. Make working drawings of a cast-iron claw coupling for a 3" shaft. Scale, half full sifo. 

5. Draw three views of a marine crank shaft coupling ; diameter of shaft 12". Scale, IJ" = 1'. (For proportions, refer to Art 92.) 



SXETOHIKO EXERdSEl. 

And also show an alternative way of fixing with the key in two parts. 



6. Sketch a butt-muff coupling, 
best job? 

7. Sketch a cased butt coupling using two gib-head keys. 

8. Sketch a cheap form of lap coupling. 

9. Sketch a pulley flange coupling. What advantage has this form over the ordinary one shown in Figs. 108 and 109? 

10. Sketch a claw coupling. What precautions must be taken in engaging this coupling ? What factor limits its use ? 

11. Sketch a marine tail shaft coupling. Why are the bolts made taper ? 



Wttyis the latter arrangement likely to make the 
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from the top of the shaft, as shown in Fig. 100, Thia-key requires very skilful fitting; the key way in both parts shoi _ 
exactly the same breadtli, and tlie key should accurately fit the sides, whilst theoretically it should touch the top and bottot 
with a light pressure ouly, to avoid straining the boss. But every practical man knows that, uidess it is carefully fitted, 



KEY ON FLAT. 



SUNK KEY. 



U n ii b»li4'i>i 



I 

X 



Fio. 120. FifL 121. 






the whole of tho top and bottom welt bedded, and it is forced in with a driving fit, such that a blow will make the whole 
ring, it will sooner or later work loose, which, under some conditions, ndght Ite a serious matter, and under any conditions 
objectionable. The tendency to work loose is greatly increased when the torque i,^ irregular. 

97- Two Keys.^ — In cases where the hole is a shade larger than the shaft, or in re%^ersing Jobs, it is advisable to use two 
fiird at right angks tu each other; one of these is usually either a saddle key, or a key on the flat, whose function is to 
the shaft to be gripped in three places, and so prevent rocking on the shaft. 

98. Key Boas.^In heavy work the weakening effect of the key way in the boss of a wheel eannot be neglected, so tl 
tliickness, /, of the boss is maintained, or slightly increased, as shown in Fig. 124, liy arranging what is called a ke^ btjss, Al 
The drawing should speak for itself. 

09. Stakiiig On, — In Figs. 125 and 120 are shown two examples of what is called staking on. Should the soHd boss ( 
a wheel have to be passed over an enlarged end uf a shaft, it is usual to fit it to the shaft Ijy using four keys bedded on flai 
un the slmft,* as in Fig* 125. Where the strains are very great, and the shaft ia squai-e, Fig. 126 shows the most reliable WB 
of fixing a wheeL Four temporary keys are first titted in the spaces, K, aud the wheel truly centred, after wliioh the permanei 
keys are accurately fitted. Only those parts on which they bed need be mactiined. The keys are numbered and marked, so thi 
the job can easily be re-erected. m 

lOQ. Cone Keys. — For light work, where a frictional drive is practicable, instead of staking a wheel on a shaft, as explafl 
in the previous article, cone keys may be used. The three keys are cast in one piece, with wrought-iron dividing plates; the 
can be bored to the size of the shaft, and turned with the usual key taper to fit the hole in the pulley boss, before parting 
into the three pieces, which, after trimming, ai'e ready for xise as saddle keys, as shown in Figs. 127 and 128. 

101. Pins. — For light work it is often convenient to use taper pins, instead of ordinary keys. Thus, in Figs* 129 and 
the boss of a lever is shown pinned on to a shaft or spindle. The holes, after drilling (for all sucli pins), should be rimered oi 
to a total taper of i" in l\ and the mean diameter of the pin, d, may be :J 1), In Fig, 131 a small pulley or hand-wb 

» For figlit work, oon© keys Bre used m tMs way. (Art. LUO.) 



un 

1 
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ihown fixed this way, but Ib this case the hole can only be drilled on the alant, as ehown. When the materials of the boss and 
Aift are the same, or very nearly alike in character and hardness, they can be drilled for tht^ reception of a cylindrical pin, as 



STAKING ON. 




CONE KEYS. 




Fro. 12X 



Fio. 128. 



% 132 ; the diameter, d, of the pin may he ^^ D to J D, according to the length of the boBS. In Figs. 133 and 134 
! Ao^n two lengths of pipe, connected by taper pins and a dowel. This is a joint which is lai^ely nsed for railway signalling 



APPLICATIONS OF TAPER PINS. 



_■ 3^- J, _;*u — ^ = 




Fia. ia3. 



Fro. 1»4. 



Fia. IBl. 



Fto. \m. 



which are alternately in tension and coinpreasion, also for ventilating machinery, the rods transmitting a t\\isting 
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The following Table 1, gives the standard dimensions for taper pins:^ — 

TABLE I.— Stakdabd Taper Ping. 
Taper J" per fi»ot. 



No^olplQ. 


Tot*l length oT plii. 


L&rgest dlimeter 
or pin. 


ofpio. 


No. of pin. 


ToUl length ofpta. 


of pin. 


~^^ 

Sni*llent dfmmeter 
ofptn. 




India*. 


Pwt of AH inch. 


Part of Aa Inch. 




loelM. 


P^ofoatDdi. 


F^ofsotiuh. 




1 


OlSfi 


135 


6 


325 


0341 


0279 




1-25 


0-172 


146 


7 


375 


0-409 


0331 




15 


0193 


0162 


8 


45 


0-492 


0-398 




175 


0210 


0183 


9 


5'25 


0'591 


0-482 




2 


0250 


0-20» 


10 


6 


0706 


0-581 


5 


2-25 


0289 


O'SiC 











102. Featheri.— When a wheel or some part of a machine is to be secured tx) a shaft, in such a way that it must 
with it, but is free tn be moved in the direction of the axia of the shaft, a feathsr is used. Now, this feather or sliding 
a parallel strip which is usually fixed to the shaft, the groove in the wheel boss or sliding piece being made a working fi 
alternatively, the feather is fixed to the sliding piece,, and slides in the feather way of the shaft. Figs. 135 and 136 sh* 
arrangement of the former, the feather being very slightly dovetailed where it fits the shaft, and the metal of the shaft eai 
of it being lightly caulked down to secure it. 

Figs. 137 and 138 show an alternative way of fixing the feather by two countersunk scmws, as at A (one only sho^ 
by forging on the feather two pins to pass through the shaft with countersunk riveted heads, as at B (one only shown). 



VARIOUS FORMS OF FEATHERS. 




Fio. 135. 



Fia, 136. 



Fig. 137 



Fio. 139. 



B%, 140. 



Flo. 141. 



Figs. 139 and 140 show the feather fixed to the boss by ciovetaili^gr ^he feather being a driving fit in tlie boss, 
^Jg. 141 shows how it is fixed by two screws through the boss. Sotnetifi^ea by forging two pins on the feather it is fixed 








Fig. 144. 



ly rivStmg; in a similar way to that shown at B, Fig. 138. Other alternative arrangeraentg are shown in Figs. 142, 143, 
and 144. In Fig. 142 the feather is made with a lug, F, which is attached to the side of the boss by means of a screw. To make 
iijob of this the workmanship mnst be very accnrate. Figs, 

143 and 144 show loose feathers fitted to the boseea; in the VARIOUS FORMS OF FEATHERS. 

former the feather is made with a projecting pin, which is 
placed in the hole to prevent any end movement, and the 
same purpose is served by the gib-heads of the feather in the 
latter. In both of these the shaft must admit of the boas and 
feather being passed over its end. 

103. Strengiii of Key«.~When keys are made in accoi-d- 
wic€ with the empirical proportions* marked on Figs. 118 
fco 123, they very rarely give trouble or fail unless they are 
made exceptionally short in proportion to their other dimen- 
sions. Nevertheless, as cases occur (particularly with large 
1 cunk shafts) where the part secured by the key takes off only a small proportion 
' of the power transmitted by the shaft, it will be instructive to show how they 
•hould be treated, with the help of Fig. 145. 
Now, let L = length of the key. 
B = breadth „ „ 

i = m^ean thickneBS ^ -^ 

ju • 

f$ = safe shear stress of shaft per square inch. 
// = safe shear stress of key per square inch, 
/c = safe compressional stress of key and shaft per square inch, 
say = 2/,. 

F ^ safe shear force acting on key = LB/i'. 

F = also safe load in compression on sides = LJ^</c. 

T = moment of resistance to twisting of shaft = d^ s^f* — also -^ 

Then, if the crushing resistance of the key is to be equal to its shearing 
JBsistance, Lit/^ = LB//, that is B/V = y/c 

But /c may equal 2 X ft\ therefore, the key to be equally strong to resist 
^SUdhiog and shearing would have to be square, which is about its section 

' The IbUowing proportions of sunk key» arc recommeDded hy Bor : where D = diami^ter of sbaft, 
B = tbe breadth of key« T — tbiicknoaa fif kcj, ft — depth B^nk'in the shaft measared at the side of 
I Ifctbf, than B = (B -i-l) 4- 0^23, T = (D -i- 11) + O-IC, and a.^{S}^ 40) + U7a 




Fia. Ii5. — ShenrLtig rusiBtanot.^ of keys. 
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when it takes the form of a feather, and is not a tight fit top and bottom. But for ordinary keys we have seen that 
and, if the full strength of the shaft is to be transmitted by the key, we must not overlook the wedge action, which cona 
relieves the sides of the crushing effect. Hence it is usual in designing a special /eatAer to take into account the enuikm 
but in dealing with a key to take into account its shearing resistance. So, let us assume that we wish to determine the 1( 
of the key shown in Fig. 145, in terms of the other quantities, where t = mean thickness and the materials of the I 
shaft are the same, that is/, =/,'. Then for equal ^ strengths of shaft and key— 



cP 



M 



,d 



m 



/. = -2-=LB/;2.and 



^ " 8B/.' 



dV 



Or, when the shaft and key are of the same material, we have L = -„„ 



• . ( 

104. Example. — The full strength of a 3" steel shaft is to be transmitted through a steel key. Find the dimension of tl 
From the empirical proportions. Fig. 122 and 123^ 

B = i + J" = r and < = ? = J X ? = "^ 



8 16 



Then by (Eq. 17)- 



dV_ 3«x22 _ 
^-8B-8"xlx7"*"* 
Ans. L = say, 4" 



EXERCISES. 

Design, etc. 

1. The coupling of a 4" steel shaft has to transmit the fall strength of the shaft. What should be tiie dimensions of a steel key for this purpose ? 

2. A 12" lever is flied to a If shaft by means of a taper pin passed tlirongb its boss, as in Figs. 129 and 130, the mean diameter of the piD being f*. y 
on the end of the lever would cause a shear stress on the pin of 9000 Ibe. per sq. inch ? and what skin stress in the shaft would this correspond to? 

3. A treadle lever 30" long is fitted to a break shaft 1}" diameter, the maximum load on a troadlc being 200 Iba. A key ^" wide is used to fix the lei 
shaft. What should tiie length of the key (and that of the lever boss) be, if the shear stress is not to exceed 8000 lbs. per sq. inch ? 

4. A lever is fixed to a 2" shaft by a taper pin, as in Figs. 129 and 130 : the mean diameter of the pin is J". Find the ratio of the shearing stress of the ] 
skin stress of the shaft. 

5. A lever is fixed to a 3" shaft by a taper pia, as in Figs. 129 and 130, and the skin stress of the shaft is the same as the shear stress on the pins. Wha 
the mean diameter of the pin ? 



length. 



After looking through the above, the case where these strengths are unequal should bo easily worked. Obviously the strength of the key is proportic 
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I inch pipe ham an oatride diameter of lA", and it ig arranged as a shaft, with a lever fixed to it, as in Figs. 129 and 130. What should the size of the pin be 
B De 50 per oeot. greater than the skin stress of the pipe ? 

Skktouing Exeboises. 

Show by sketches three different ways of keying wheels to a shaft, and explain under what conditions each would be used in practice. 
Show bv a sketch how the boss of an important wheel is strengthened where the kevway is cut by a key boss. 
Make sketches showing how wheels are staked on to round and souare shafts. Under what conditions is staking on necessary ? 
What are the oonditkms which allow a wheel to be fixed to shaft by oone keyi f Make a sketch of the arrangement. 

11. licvers, hand-wheeki and small pulleys are sometimes pinned on to a shaft or spindle. Show two ways of doing this. 

12. LiCDgihs of metal tubing are sometimes connected by a dowel and taper pins. Show how this is done, and mention any application of this joint you are 
Aoqnaintod with. 

13. What is a feather? In what important respect does it differ from a key ? Sketch three or four characteristic examples of feathers. 



7. 

8. 
9. 

10. 



CHAPTER XI 



RIVKTKD JOrSTS 



Uf. Owe of the most simple and ^dent fiwuwiings. which has been exi^isiTdT ns^ for a greai TmiietT of purposes b 
ancient times, is the riTet. As a fiisteiiiiig, it somewhat resembles a hidt, bat diSen 6om it in two impoitant respects ; 
«■» he umi b$ « tempprwry fiuUmimff^ and can be withdrawn bv unscrewing the nut ; bat a rimrt is m ^ermumemi ftuiei^ini 
pans hdd togiedier by it can onlj be sqwrated by chi^^ping off a he^d. Fardier, a bolt is used satisfaMonly when the 
fivoe acts in the divBCtian of its axis, giving it a twtsional IoimI, bat it is not considered safe to kmd a rivet in this wny, i 
ftmetkn being to resist shearing in a direction normal to its axis. 

Siivte are made in special mAcfaines. fipom special roond iiv>n or steel bar,^ with heads eith» eiy^bafal, as in Fi] 
fan-ihapel, as in Iig. 147, formed while red hot by dies of these shapes, and their finished forms before nse (showii^ the ! 
met re< i uired to form the head) are shown by the dot^ lines. 

In li fe Ung platea. wheneTer practicable^ rif^itim^ mmtk im^s are nsed, — the riv\^t is made red hot. passed threogh the p 
pressed between two dies by hydnnlic or steam pressure^ The heftds are then usually made eip «* iphmnal Aa|iai, as in 
and are said to be ■iihiaa li i itej d, THi^ii machines are not aTailable. the ri wts are hand lirelei. For this job a full gan; 
of three men and a boy, the latt^- to heat the rivet and bring it ftom the famaoe to the boldtf up, who inserts it into the i 
and presses j^ainst the rivet with a tool called a dally, cuf^fMed to receive the he*d of the riv^^t. while the other two me 
opposite side hammer the other end down with riv^ing hammers and finish it i><f by a Mow or two frem a sledge hammei 
headed tool b»ng intezposed to give the head the cup shape in Fig, 14^ In c\>nfined ix>$iuon$ where ii is not possible to 
heads, they are finished by hammering* to the conic^ or ocm<n44f] fonn ;«(hown in VHg, 14^, which has not quite the streng 
cup head. * In many classes of work, such as the skin of ships,* the soaun^rs v>f gitviejrs. etc., the heads musi not project ; tl 
are then oountersimk, as shown in Fig, 147 (which show^ a /W7 counters^uuk hoadV and the hciads finished off flush with i 
or with a slight folness or piojeciion, as shown dotted. Fig. 14i^ shows a fonu th^i is 5>l^metimo!S driven *o Uiis bead to pr 
sharp edge springing away firam the plate. Fig. 151 shovns tho half-ci>uut«i^unk ht\i*i. Fi^, li^Ox shows how, by slightly 
rniVrr^g ^ holes, the head can be a little strengthened ; it is usual t<> somewhat reduce the ;are of the hf?(ftvis, as ^own, wh 



■p to 1" or 11" IB 
kj IS Ihi. vsg^ if 3 



UiT^ 



akool 73 per ctmV of t^«w 









w %»N W f.^nMo in a die or swmg^ 
IV ia»f » f\ M>.i frjo ^» to 100 
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Tor dramng purposes an approxi- 
I to tlie ordinarj cup head is easily 

using a radiua of :J the diameter, 
wu in Fig. 150a, and Btriking the 
rom a point- on the centre line jj^D 
le shoulder, 

>6. Proportioiifl of Eivet HeadB, etc»— 
proportions vary somewhat in prac- 
they have not yet been standardized/ 
hee shown on Figs, 146 to 150 may 
in to be average ones; tliey are in 
n D, the diameter of the hole. The 
lengths for forming the heads should 
en to be approximate. They vary 
^5 to 1*7 times the diameter, the 
length required depending upon the 
tteness with which the rivet tills the 
ttd upon whether the head is formed 
d or by machine ; the ftirraer requires 
|D less length than the latter, as the 

compresses and swells the rivet 
ipletely fills the hole, thus making 
Brfect job,2 
reat care must be taken in dealing 
jpg rivets, as when they are some 6 

r«Dmo firms it m the [>raotic6 to make the 
pieter for Bi£«« above i" smaller thaii the 

4". 

ftchiae work has boen for Homo years largely 
iDg hand rivetlag, Tbe inacbioes ptrform 
►rk much more mpidly and tMsonomically. 
fe fiiiit uaed for bridge work on the famous 
Tnbalar Bridge* liWels ciiu oaly be made 
f fill the holefl by freeing them from Lbe 
i slagf which can be doot^ by beating them 
"^t riid alQgly, and pacing tbem through a 
of water, the chilling aoiii>n cau^iing the 
'de to ah^il oft, l&a>ing a petfaodj clean 
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adshomL^ 



to 8 diameters in length, they otten contract enough to draw oft' their heads, so, to avoid this in very long rivets, the head end i 
be cooled before phicing the rivet in its hole. 

107. Kivet Materials, etc. — With iron plates, soft ductile iron of a strong, tough, good quality, with a tensile strength no 
exceeding 54,000 lbs., and giving an elongation of not less than 25 per cent, in 8'' is used for the rivets. Formerly such iron fa 
rivets was largely used with steel plates, but there is now no ditTiculty in getting a soft low-carbon steel suitable for rivets, with 
tensile strength not greater than 54,000 lbs. per square inch, and an elongation in 8" of 30 per cent., and such rivets are generally ufle< 
now with steel plates. And for boiler purposes the Board of Trade is satisfied with steel plates of an ultimate tensile strength /f€ 
28 tons per square incli, with an ultimate shear strength/, of 23 tons per square inch for rivet steel H 

108< Drilling and pEnehiEg Rivet Holes,— Many years ago the general pmctice was to punch all rivet holes for girder, bridge, « 
boiler work, with the result Lliat the spaciog and alignment of the holes were very imperfect,^ and this want of accuracy becam* 
more pronounced when two plates, each with a row of punched holes, ware brought together to he ri\^eted, and led to the objection 
able practice of mom or less forcing the holes into agreement by hammering a conical drift into them ; even then a fairly larg« 
proportion of the rivets would be forced into position in such a way that their sectional area w^as materially reduced at the joints 
just where the shear occurred. 

But the use of multiple-drilling machines and high-apeed tool steel has enabled engineers in increasing numbers to considerabl] 
reduce this evil by drilling the plates, and it looks as thoogli the barlmrous practice j net referred to, if not punching generally, wil 
be almost or entirely superseded. Certainly, in the best boiler work all the holes are drilled, and most of them when the plates ftp 
together in position. It should be further explained that when plates are punched, particularly steel ones, the metal round the " 
is injured by the lateral flow of tlie metal under the pressure of the punch. This injury, however, may be entirely removed in 
of two ways, 4br if the plate is annealed after punching it is restored to its origLoal condition, or, if the hole is punched 
than is required and rimered or drilled out to size, the injured material is removed^ and the plate is ready for use. 

100. Caulking and F ullering.— Joints in boUera, tanks, etc., are made fluid-tight by canildmf. Fig. 152 shows how tli 
ordinarily done; T being a narrow, blunt chisel-like tool, called a caulkiiu/ tool, about ^\{' thick at the end and l.V" in breadth, il 
edge ground to an angle of 80^ It is moved after each blow^ along the edge of the plate, which is usually planed to a bevel of abou 
76° to 80°, to facilitate the forcing down of the edge. It w4U be seen that the tool bun-s down the plate at B, forming a metal-U 
metal joint, care being taken not to damage tht piate^ below the tool, or spring the joint open. Usually both edgci^ A and B ai 
caulked, and the rivet heads also, if they leak, as at C. Fig* 153 show^s how, in certain classes of boilers, the nipple or tul 
connections are caidked with a similar tool. A more satisfactory way of makiug the joints staunch and tight, known I 
fullering, which has largely superseded caulking, is show^u in Fig. 165, The fullering tool, having a thickness at the end equal 1 
that of the plate, is used in such a way that the greatest pressure due to the blows occurs at A, near the point, giving a clea 

~" ' * . Webb, which combines features of caulkiil 







finish, with less risk of damt^ing the plate* 
and fullering. 



Fig. 154 shows a tool introduced by Mr. 



auUipk'-pimaliiiig raaohint\ which lie most Buwseuiifully used in tlie conetruction of tb<? floatinf,' doi'lcB defligiK^ by hiB\ 
jgkly, made <m the Thumea uome yenrtj ago, kiwi the rivet holoB for it, ovt?r a miUion ia tiumbi^r, treatei] in ibia way. j 
- Too often thiu work Li doub by an trained y out he, who arc apt ti» bungle in overdoing u job that reqtxircn much care und not a litllo ikili, if th© efl" 
of the joint ifi not to be impaired. 



^ The lato Mr. J. StaiiBJield derisod a mu 
' The great bridge whieh spanB the Hooghly, 
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109a. The sections of wroug^ht iron and fiteel rolled bars/ etc., used by tlie engineer are shown in Figs. 156 to 168, wliicli 
sliould speak for themselves. 
















Fio, (53.— Caulking boilt?r 



Vm, 154, — Combined oaulkiag 



Fig. 152,— Ordinary caulking. 

SECTIONS OF WROUGHT IRON AND STEEL ROLLED BARS. 



Fio. I.i5. — Fullering. 
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SQUARE 



e 



FLAT 




ROUND 
-Seclitni« of rulled bars. 



Fig. 157. Ftti. 15H. J?'ia. 1511,— Tl€\ 



Kio. ia>.- 
Ch&nneU 



Flo. IGl. 
Zed. 



Fio, 162. 

—Bulb 

filate. 




\i 



\%. 



ip 



Fig. !*>.T— Fio, i04.— Bulb Fio, 165.— Beam, 
Bulb angle. toe. 



Fro. irn.— 
Bound buok aDgle. 



'Fio. 109.— Showing the different thinknBBaeB iA iron und 
ateel plntea 



^ For partiooktrs of tkeir limitiag sizes, waighta, ete., refer to tlio authored ^'Blocbine Deatgn« utc." i>. 130. 
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Comparative Cost of Ban and PlatM.— The fallawiug give the ftppfoxlmiite oompiLrative (xwt of ban and plates :^ 

FluL poiiHil, or square bars being . . , , 

Angle and T*bir8 are » . . 

Plates are . , . . . » 

_! ( 110. 



l(K> 
I 12 
118 
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Viaa, 17U to 172.— Single nveted lap joint. Fiqb, 173 to 175.— Butt joldt. Single atrap^ single riveted. 



Forms of Joimts. — It will 

venient to briefly describe the pi 
jointa before going into the ques 
strength, etc. The simplest form of ■ 
joints is the lap joiat, with a single 
rivets, shown in Figs. 170 to 172. A 
largely used, it has an obvious t^ 
when the plates are in tension, o' 
their not being iii the same plane, I 
acts about the rivets, tending to h 
joint ^ to the form shown in ¥, 
(and in Fig. 174 for butt joint wit] 
strap); thb being so^ the plates an 
times bent, before riveting, to f 
Biately this form to reduce the 
action. 

The butt joint, with a single but 
Figs, 173 and 175, has also this fa^ 
as it can only be caulked one aide, 
plate it should never be used for 
purposes; indeed, it is very rare^ 
now, I 

Proportions.'^The usual practi4 
make the distance x between the ai 
rivet and edge of the plate (calj 
marg^) at least equal to the rivet dk 
thus making the minimum lap equ^ 
as shown, but in cases where the el 
the plates are more or less rough 
added to this. We will go into the qj 
of the pitch ^ ^ in another article. 



It iki belie VBd that grootinff of boilur platei b nometiiEies in directly ^ue to this bending. 
The diitanoe between the rivete, oeQtTe*to-centre, ineaiti^ along the rivet linei* 
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FigB. 176 and 177 show a double riveted (zigzag) lap Joint, The diagoEal pitch N should not be less than 2'4d>, which is the 
German Lloyds* rule. According to Kennedy, in a double riveted butt joint, the net metal, measured zigzag, should lie from 30 to 

35 per cent, greater than that measured straight across, i.e, the diagonal pitch N should be '^p + j.. The Board of Tnide rule for the 

COMBINED LAP AND BUTT. 



DOUBLE RIVETED LAP. 



**i^t.ance y between the rows of rivets is y = ^ P .J . A rough rule may 

^» fiiagODal pitch = ^ 

llOa. Chain Biveting.^-When two or more rows of rivets are arranged with the rivets 
opj>osite one another, as in Figs, 178 and 179, we have chain rivetiojjf. In this case 
t"^ distance y between pitch lines is usually at least 2d, the Board of Trade Rule being 
y^-- 2d to 2d + K\ 

llOh, The Combined Lap 

pd Butt Joint,— This is shown 

ill Tigs, 180 and 181 ; it is an 

interesting joint that is used by 

some engineers for locomotive 

^>iler8. The figures speak for 

themselves. It will be noticed 

that the outer rows of rivets 

have twice the pitch of the 

iniddle row. 

110c. Butt Joints with 

^^nVLt Strap*.— Figs. 182 and 

1^3 show a doiibk riveted butt 

joint with daubk ImM straps. It 

lifts been found by experiments 

that when the straps are made 

Wf the thickness of the plates 

(^ it would appear they should 

Oe), tlie straps are then the 

Weakest part.^ This has led to 

tie practice of making their 

thickness from 2^ to i. The 








FiGfi. 17G imd 177.— Zigzag. 



Fioa. 178 and 179—C'hftiti. 







V 




Fioa. 181) ttnd isl. 



Doubttees thla is due to an abecnoe of absolute aymmetry in the loacliug^, a&d^ tljereforo« to more thui half the Icmd coming on one of the Btraps. 
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DOUBLE RIVETED BUTT. 
DOUBLE BUTT STRAPS. 



TREBLE RIVETED BUTT, 
WITH WIDE AND NARROW STRAPa 







FiGft. 1^2 to 184, 



otlier proportioil 
shown on the fi| 
Fig, 184 this j4 
shown with thai 
rows of rivets 4 
the pitch of tha 
ones, and we shall 
see the advantagd 
expedient when m 
to deal with the' 
tion of strength. 

Fig. 185 sM 
form of joint Ot 
same principlej 
treble rivets and! 
and narrow straj 
is used for large 1 
working at high 
siires. A treble i 
butt joint of a d 
difierent form is j 
in Fig. 186, tha' 
of the butt strap! 

scalloped so that they may be effieiently caulked. It will be noticed thj 
inner rows of rivets liave ha^ the pitch of the outer rows, winlst in qui 
riveted bBtt joints the inner rows have one-tlmti the pitch of the outer,] 
in all these joints the diagonal pitch M must be at least 2*4*/; it is ofte; 
than this ( touching almost 'M in sHme cases), %rhicb makes a safer joint. 

There are many variations of the forms shown in the preceding 
only the representative ones being seleeted for our puqiose. 

UOd. Interaecting Riveted Joints. — Fig. 187 is a sketch of thixjo rinj 
cyliinb'ical boiler/ the breadth uf each ring being usually ^* to 3y, each rinj_ 
preferably made from one plate ; the longitudinal joints an'anj^ad alternal 

^ TliW moftt Biiit^dilo miitc-riul f-»r btiler platoa iw mild *teet fiiftmifactiir©d by the J^u'iii/^ 
open hearth procr**^ wliicb is preferred hi that pmduL'cd liy the Bostjomer, becaiiBe it is foul 
more homiog«neou$ nnd rt^iabh* 




Fio. 165, 
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fhe lea and right of the top, which must bo lett clear for the fittings. When the rings are made with more than one jjlate the 
Muts must clear the seatings of the boiler. At A the Intersection of a longitudinal joint with a ring joint is shown, leading to a 




^^JO, 186. — Treble riveted bntt jointo with Boalloped tKlgee. 





Fiaa 188 and 189. — .Tuiictioti of 
threo plfttea, single riveted l»i>, 



FiQ6. lUO and lyi.— Jimction of four ftlates, 
single riveted lap. 



FlO« 187* — Junctiau of Uitgg plAtea id boiler aliell. 

^'^tnplication which has to l>e very carofnlly dealt with to ensure strength and staunchness, one necessitating the joggling or 
**^inniog by forging of the corner of one or more plates to form a sohd joint throughout. Figs. 188 and 189 show how the junction 
^ usually made when all the joints are .nm/k riveted laj} ones, the corner B of plate 2 being forged and stt u^f, and the corner of 
P^ate 3 hammered to a thin edge, forming a hmg jofjgk, and fncked under at I). But when two longitudinal joints are nearly in 
^*^e same line, we get what is practically tlie junction of four plates, as shown in Figs, 190 and 191, which should now speak for 
^^*emselves. Tlie case which most often occurs in practice, certainly in boiler work, is the one where the longitudinal joints are 
^ade stronger than the ring joints, as they should be ; we then in some cases g«t a single row of rivets in the ring joints, to double 
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rows in the longitudinal one^, as in Figs. 192 and 193, which are dealt with in the same way ; or in more important _ 
higher efficiency in the strength of the joints is reqiiii-ed, the ring joints are double riveted, and the longitudinal ones tiS 
as in Figs, 194 and 195, where the strap A is planed dowB at the end wedge-shaped, to fit a recess machined out at the e< 



THREE PLATES. 



Wf 






Thepriiil 

times carried e 
further in ver] 
for great preaau 
liave double or 
for the ring j 
quadruple on< 
others. 

llOe. Com 
Platea at Bigh 
The simplest ^ 
necting two pi 
way is by an 
as shown in Fi, 
197, The fon 
to connect the 
of a Lancashire 
boiler to the ah 
latter was fo 
joint used fort 
of the shell, 
now, the bac 
Sanged and i 
the plate, as i 
The mean thiol 
angle bar sho 
less than the I 
plate. ; usually it is a little over this. The holes should be as near to the adjacent back of the angle bar as it is practica 
them,** but of course there must be room for the tools in riveting up. A good position would be X = ^W (the width c 

' When the angle bar is id tlie form of a ring, it must be of verj ^ood quality to stand bendiDg an<l wolditig, 

* Afi far away from the thin edge as practioabte. Utjuallj, the front end ii first riveted to the flbeU, the back end b afterwards offered an and 
marked. Thk enables any aligbl creep tbat mjij bate occnrred in building up the ebeU (and perbapa I lengthening it ^*') to be dealt with witbont pal 
iitrain on the end plate. 




Fms. 192 and 193,— Single and donbJe riveted lap. 



FiG6. 194 and 195*— Double rireted lap and treble riveted bntt. 
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ring), but generally it has to be nearer the centre of y. Fig. 198 shows how, by flanging an end plate, the angle bar can be dispensed 
with, but only plates of very goud qiiality can be thus flanged, particularly to a small radius. The radius of the inner surface 



FfiONTENO OFBOtLER 
AND SHELL. 



JUNCTIONS OF PLATES AT RIGHT ANGLES. 

BACK END OF BOILER 
AND SHELL. 



FLANGED END PLATE. 



eOlL€R END^ 

FLANGED END PLATE. 



Flo. 200. 




BOILER END. BOILER END. 

FLANGED EKD PLATE & FLtJE. CORRUCATED FLUE. 



@0«LEI| FLUEv 




ND PLATE 



SHELLv 



CORRUOATED 
FLUE 




Fia. 20] 



«^ould not be leas than 4^, but in exceptional cases it is made as small as %i, Figa, 199 and 200 show how boiler fines are 

FLUE CONNECTIONS- 



FLUE STIFFENING RINGS. 



\ 


/ 




^ 



Fio* 206. 



Fig. 207. 



'^onected to end plates, the former the oldest, and probably the best, coimection. Wlien the end is flanged, as in Fig» 200, the 
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Dot of tbe flange ia often too weak to bear tbe strains arising from the expansion and contraction, and sooner or later grooTet 
and becomes fractured An adtlitional imgle plate, giving two thicknesses at the flange, has been tried, bnt without success. So. 
on the whole, makers Ijave found that tbe obi rings, which are stroug, and easily made and repaireiJ, are the best. The connection 
of flue to the end plates is nsnally the same at both ends, and Fig, 201 shows the conneetiun of a corrugated flue to a flanget 
end plate. 

llOf Flue Connections, — Fairbairn's experiraonts show^ that tlie function of a flue joint should be to connect two sections or 
lengths uf a flue in such a way as to give it Ltngitudinal flexibility and circumferential rigidity, and Figs. 202 to 205 show some 
typical flue connections, but Fig. 202, the Tee Eing, is too rigid longitudinally for onhnary plain flues, and tlie rivet heads are 
exposed to the fire, as they are in the Bowling Eing or Bolton Hoop, Fig. 203, which has the advantage of being very flexible 
longitudinally.^ Aiamson's joint, Fig, 204, is a good one, being very rigid circumferentially, it has a proper amount of flexibility 
longitudinally ; the ring |>late A (about j" to I" thick) projecting a little beyond the flanges for caulking piupijses. Fig. 200 shows 
how this flue is conDected to tbe end plate. In the Bavey-Paxman joint, Fig. 205, there are rivet beads inside the flue, but they are 
clear of the run of the burning]: gases. When a flue sietlou is very long, it may be stiifened either by an angle ring, or solid ring; the 
fonner (shown in Figs. 206 and 207) is kept clear of the flue by distance pieces D, and riveted to the flue ; the pitch of the rivets 
being about 7". Fig. 208 shows the latter arrangement, with a solid ring instead of t!ie angle ring. There are several variations of 
the above to be occasionally met wdth, 

llOg, Connecting Parallel Plates.^The lower part of the fire-boxes of vertical boilers, liwoniotives, and certain other Ixtilers, aii* 

connected to the external shells as shown in Figs. 209 to 211 
FIRE-BOX CONNECTIONS. The simplest and most poimlar, i>articukrly for locomotive^p 

is 209 ; it is easily riveted and caulked. This joint is also used 
round the opening for the furnace door. In Fig. 210 a channel 
iron is used, bvit this requires the finest material and workraaii- 
ship to Ibrge the corners, and the rivets are not so get-at-able* 
The principal objection to the Z-bai- in Fig. 211 is that tb"^ 
inner rivets cannot be caulked. Fig. 212 is much used f'^^ 
vertical boilers, but is unsatisfact43ry, as the sediment lodges i^ 
the recess S and causes con'osion, 

HOh. Strength of Eiveted Joints. — Let us first oonsid^ 
what may happen if we take a simple joint, such as tlie single 
riveted lap of Figs. 170 and 172, and assnine that it has be«JO 
tested till it fails. For this purpose we may deal with a strip representiog a length of the joint equal to the pitch of the rivet^s 
and it will be convenient in working examples to assume that we are dealing witli steel plates, and rivets of a quality generally 
___ J i»_ V .!__ _ Other values from the Tables can be substituted as required, Then- 
Let p = pitch of rivets. 
„ S = strength of a strip of the joint of length p. 

' NotwitUtmiiHng tho expoMure of the hettds, «mic tngiDeerB, en the whole, prefer thxa joint to Adamsou>. 
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7^'V ^ 






Fia. 209. 



used for boilei's. 




FiQ. 210 



Fio. 21L 



Fig. 212. 
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Then 



Then 



Let dn = diameter of rivet before riveting, or nominal diameter. 

„ rf = diameter of rivet after riveting. 

„ ft = tensile strength of material of plates per square inch = 28 tons for steel. 

„ /, = shearing strength of rivets per square inch = 23 tons for steel.^ 

„ fc = crushing strength of plates and rivets at the hole = say, 46 tons per square inch. 

„ ^ = thickness of plates. 

„ rj = efficiency of joint. 

The joints may fail — 

(a) By rivet shearing, as in Fig. 213. 

S = d^ifi and /, = j%-^ the rivet is in single shear. 

(6) By the tearing of the plates between the rivets, as in 
Fig. 214. 

S = (27 - d)tfu and /, = ^ 



Jf 



FAILURES OF RIVETED JOINTS. 



►^ 



{p - d)t 

(c) By the plastic flow of the material of the plate or rivet 
under compression, as in Fig. 215. 



Then,« 



S = dtfc, and 



J' ~ dt 



^/». 

'/.., 






FiQ. 213. 






4^ 




-PITCM- 



Fio. 214. 



¥ 




■PITCH—. 



-IT 

Fio. 215. 



MARGIN A 



*- PITCH- 



T 



Fio. 216. 



{d) By the plate breaking in front of the rivet, as in Fig. 216. 

This rarely happens, as, when the distance of the edge of the plate from the rivet, called the margin, is equal to rf, 
there is an abundance of strength.^ 
As a rule, when a joint is tested to destruction, it fails either as in (a) or (6), so, when these are equal in strength we have — 



Wh( 



ience, 



^4/* = {!>- mt 

p = ^' + d for single riveted lap joints (18) 



' Allowed bv Board of Trade. A treble riveted hip-joint^ d = 0*95", t = 077", failed by rivets Bhearing, giving /, = 230 and/, = 28*6 (plate and rivets of steel). 
when tested by Kirkaldy. 

' The area of the plate resisting the pressure of the rivet is the prcjeeted area of the rivet, namely dt. 

' Considering the plate in front of the rivet as a short beam of length d, depth M. and breadth f, encastre at the ends, and equating the shearing strength of riv(>t 
to the bending strength, M = J(i nearly, ^here M is the margin. 

M 



8S 



MACHINE DRAWING AND DESIGN FOR BEGINNERS 



llOi. ExAMPi.K. — What sliould be the pitch of a single riveted lap joint with steel plates and rivets, d = J", and / = jj" fi>r v^ 
Btreagth in sheariiLg aad tearing^ 1 Also find the efficiency of the joint. 



By Eq. (18) 



^ 28 X 16 X 2 X 28^4 



Ans. p = 1'72" or 1 J" bare. (lu practice this would be made 1|",) 

Efficiency of joint = ^- "^ "'' P^*"^^ ** "^' = <- i> " ^^ = ^^ . 

sec. area of strip P^ p 

:". n = - — ~ ,-. = 564 or 5C*4 per cent* 

1* i ** 



(18a) 



111. Maximimi Value of d m Relation to t. CrnsUiig Action.— Wbeii joints fail by crushing, as in Fig. 21.5, tho crushing stress 
has been found to be both high and irregular, but the usual practice of taking it to be about twice the shearing stress appears to l^^ 
aafe one for ordinary purposes. 
That is, /c = 40 tons per square inch ^ for l>oi!er steeh 

In the case of boilers, the greatest stmss on the bearing surface will occur during a hydraulic test, and this will seldom rea^l' 

one-third the ultimate strength/^ so, probably, joints as they are ordinarily made are not much injuretl by compression, unless th»' 

stress gets rather near the ultimate strength. Indeed, this ^eenis to be borne out by the behaviour of joints that have been tested W 

destruction. 

/ 2 
So, if the ratio •'^ ^ ^, as we have seen it may do, then, if the shearing strengtli is to equal the resistaii<e to crushing — 



<t'lf, = dtU 



whence d = 



4(/; 



or (the maximum value of d in terms of t is) tl = 2'54^ , (19) 

A larger rivet will crush, and we can infer that tlu^ crmMng effect need not be conaidend wh^n in lap joints d is less than 2 5it, as it 
usually is, 

Now, if we had been considering a rivet in double shear, as those are in Fig. 183, then we should have to remember thnt the 
strength of a rivet in double shear is not quite twice that of oue in single shear."* The Board of Trade consider 1'75 should oidv ''*'' 
taken ; so, following tliis role, the above equation becomes — 



whence d — w^f 



or (the maximum diameter £? in terms of ^ for double shear) (f ^ 1*455; (20) 

» In t)ie CMC of boilere, with ii factor of aafoty of 4^, thm amoante to the workiug vuluo of /. being 10 totia per sq. inch nearly, which in thf opinion of ¥P^ 
engineers iboiild not hv excfcdeil ; indeed, 8 or 9 tone only w neimlly nUowed in bridge work. 

• The teHinff pre*»ar6 uded by th© Boiler IninranctJ Cora|>anie» ranges from IJ to *2 timei* the working proPHire, 

» Tbia ia probably due to abaeoco ot ihhmlniQ nymmetry abonl the line of fofc« in the joint, oiid to the wunt of abaohite unifortnity in the qoftUtj of tUe niiteriil* 
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A larger rivet willjcrosh, and, therefore, on these lines tfie crushing effect need not he considered when in butt jointi d is less 
tJuin 1-455^. 

113. Best Diameter of Sivet in Relation to Thickness of Plate. — It can be easily proved that if the d be less than t there will 
be danger of the punch crushing, so this consideration alone would limit the smallness of all punched holes in relation to the thick- 
iiess of the plates, but it is a Board of Trade rule that d shall not be less than t, and if this condition be satisfied the relation of d to 
^ is to some extent arbitrary and may be varied considerably within certain limits, experience dictating what is expedient in different 
thicknesses and classes of work, the relationship varying somewhat with the kind of work,^ material, and joint. But it can be shown 
that the size of d is fixed when the thickness of plate and eflSciency of joint are given. As a guide, where experience is not 
available, the following should be useful : — 

According to Unwin d = l-2\/^"to I'Wt (21) 

Box's Eule is ^ = (UO + iV (22) 

Kennedy's Eule 2 for lap joints is rf = 2J^ (23) 

T 5" 
In gilder work, when the rivets join seyeral plates of total thickness T, the diameter of rivet d may = -5 + q * 

The diameter d is taken to the nearest J»j". But the rivet must be small enough when red hot to freely enter the hole ; so it is made 
from 003" to 006", (or rf„ = rf - 0-04'^ say) smaUer than the hole. 



TABLE 2. — Size of Rivets suggbsted by the National Boileb Insurance Co. 



Thickness of pUte. 


DUmeterofriTet. 
FinlBhedBlae. 


Thickness of plate. 


Diwneter of rivet. 
Finished sise. 


Inch. 


Inch. 


tnch. 


inch. 






to 


n 



. ' In girder work }" riyets are generally used for plates under J", and |" rivets for i" to T plates ; and whatever sized rivet is used, the pitch can be adjusted to 
l^owin an equality of shearing and tearing resistances when required. But i^ boiler work the pitch is restricted by the pressure of the steam, as the joint must be 
launch enough to be steam tight, and we are confronted with tne anomaly, that as we increase the pressure we must reduce the diameter of the rivet. 

' Obviously, this size of rivet would bo inconveniently large for thick plates and for treble riveting, but Kennedy rightly says that they (the diameters) 
^xdd be made as large as possible. 



84 



MACHINE DRAWING AND DESIGN FOR BEGINNERS 



113. Efficieacies of Eiveted Joiata, — In ordinary practice well-designed joints for boiler work aliould have the followiug 
efficiencies : — 

Single riveted >i ^ 50 to 55 per cent. 
Double riveted ti — 65 to 70 per cent. 
Treble riveted ij = 80 to 85 per cent. 

114. The Graphic Method of Designing Jointi,^ due to Schwedler, is in many cases very helpful ; a simple example will suffice to 
explain the principle. Figs. 217 and l^lH show a joint for a tu bar; such a joint would fail either by tearing across AB, or by 

.shearing the four rivets. Then, for equal strength, a viidth 
of plate u\ having a strength equal to that of one rivet, 
must he provided, as shown. To determine w 



SCHWEDLER S GRAPHIC 
IVrETHOD. 

r-^ r^ ^ , 



m 



xu 



a: 



<^ <^' v^; ^ 





we have 



wfj) = rf^ -/, for miffk ske^r. 



Whence 



(24) 



N 






FiQ«. 21'J, 220. 



"'=m 

Then, if around each rivet a circle of — >,— radius be drawn, 

and flowing lines fi'om these circles be drawTi along the bar, 
it will be seen that each rivet has a portion of plate of equal 
sti-ength allotted to it. And if S equals the strength of the 
solid bar, the strength of the joint will Ijc S — dtft, tlie 
strength of Uie net section at AB. When the rivet lines CD 
and AB are close enough together, Kirkaldy found that the 
plate tears along DMNOPC, and that the further they aiu 
apart and the more easy flowing the lines of the strips w, 
the more likely is rupture to occur at AB. Obviously, the other things being the same, the smaller the rivet the greater 
will lje the efficiency at this part ; indeed, in some special cases the end rivets It have i>een made smaller than the others to 
increase the efficiency of the joint. Figs. 219 and 220 show at M and N twu other joints (butt ones, with cover sti^aps) of this 
lype, also commonly used in bridge work. 

EXERCISES. 
D*:siaN, ETC. 

L A single riveted bp joiiii, {** plates, J" rirets, both ste^l,/, and/| (the ultimate strength iu shear imd teiuioii) being 23 and 28 tons per ikx. inch iHaapeclivelr* 
find the moei eHlcijeDt pitch, tilao find the effidc&cy of the joiiit Am. p = IJ", ^— 53 per cent. 



Figs. S17» Sia. 



* Fof further infommlioa reUting to the designing of riveted joints, refer to the i^uthor^s ** Msohine Design, CoDstrQction and Drawing," p. 145. 
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2. Examine the joint described in exercise 7 below, and determine whether it wonld fail by the rivet shearing or the plate tearing, both being of steel. 

3. A tie bar of rectangular section, 8" x |", is to bo lengthened, a butt joint, with double straps, and nine rivets each side of the butt, arranged to give the strongest 
joint, being used. Sketch the joint, and determine the diameter of the rivets, the thickness of the straps and its efficiency, when/^ and/, = 23 and 28 tons per sq. inch 
respectively. 

4. 1" diameter stays are to be used for the fire-box of a boiler ; their working stress is not to exceed 4500 lbs. per sq. inch at their net section. The steam pressure 
being 140 lbs. per sq. inch, what distance apart should the stays be pitched ? 

Drawing Exercises. 

5. Set out a double riveted lap joint, i" plates, rivets ]", distance between rivet lines 1|", zigssag riveting. Scale full size. 
0. Draw two views of a double riveted (zigzag) lap joint, JJ" plates, IJ" rivets, distance between jrivet lines IJ", pitch 3". Scale full size. 

The distances of the three rivet lines each side of the 
I size. 



7. Set out a treble riveted butt joint, double straps, one strap being double riveted onl^, as in Fig. 185. Th< 
butt (or centre of joint) are 1ft", 2] J" and 5ft" ; plates ft", rivets J", inner pitches 31", outer pitches 6J". Scale full i 



Sketchino Exercises. 

8. Explain, with the assistance of sketches, in what respect the operation ot/tilUring differs from caulking, 

9. Make freehand sketches, in fairly good proportion, of the principal sections of bars used by the engineer. 

10. Show by sketches how riveted lap joints, also huUjoinU, mih single huU straps, beoomo distorted when subjected to tensional strain. What defect in the 
form of the joint is the cause of this distortion ? 

1 1 . Make a sketch of a combined lap and butt joint. What advantage has this joint over an ordinary lap one ? 

12. Make sketches showing how the ends of a cylindrical boiler are connected to the shell, both by angle rings and by flanging. 

13. Show by freehand sketches three different forms of flue connections or joints, and point out their relative merits. 

14. In how many different ways may a riveted joint fail? Illustrate your answer by sketches. 
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115, It win now be convenient to give some attention to the pair of dem*mU forming the fastening, which in the scie 
kinematics ^ is called a m'nw*p(m\ the simpjleat form of which is the common bolt and nut shown in Fig. 234. A fimdai 
feature of bolts and screws is that parts connected by iheoi can be easily disconnected when required, and when it is 1 
wliat a great variety of work these interesting fastenings are used for, some idea nan lie f«^rmed of the rnnltiplicity of tot 
kinds that are in actual nse ; but for our purpose we shall give aitentiun to a few of tlie most important only. Now, to coil 
gi>ecify some special frsmi fif liolt or screw it may be necessaiy to nu^utiun eight features, namely, {u) shape or form of the 
(h) pitcli or number nf threads to the inch, (c) shape of head, {d) outline uf body, barrel or stem, (*') size or diameter, (/) ^ 
of tlireads (as nf/hf-hund or left-hand), (g) length, (h) material, as irmi, brms, etc. 

116. Forms of Screw Threada. — Figs. 221 to 233 show the best known threads used by the engineer. Fig. 221, a vm 

FORMS OF SCREW THREADS. 




Kir,. 22r-Wliitwortli*8. 



Fig. 222.— Selk^r'a. 



Fio. 2n,—yr(^. 



slightly rounded at the top and bottom, is Whitworth'Bi tlie Mnndard Bntish fkrmd. Fig. 222 is also a vee, with the 
bottom slightly flat ; it is SdltrSf and Hu standard tkirad of America, Fig. 223 shows a j>lain \^ee of angle HO^ used fi 
screws made of wood and for small brasswork. Fig. 224 is the square thread, Fig, 225 the buttress thread. Fig, 22^ 
Acme thread, a square thread with a slight taper, to facilitate its being rapidly engaged and disengaged when used with 
nutv as in the screw-cutting lathe. In Fig. 227 is shown the rmtTid top mid hotimt or knuckle thready largely used for 

' 8cit'noe of pure motioD. 
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carriage couplings and hydrants, a very strong screw, not easily damaged when exposed to rough usage, but only suitable (for 
^reasons that will l>e understood later) for special purposes. 

117. Proportions of Tlireada. — Ifc is not easy for the young engineer to imagine what a hofieless want of uniformity existed 
heforu the lal>ours of tlie kLe Sir Joseph Wliitworth ^ led to screw threads being standardized in this country (1857-61), Tlte 
H^e.stion of further standardizing screw thread and limit gauges engaged the attenuon of the Engineering Standards T'onimittee 
itt October, 1902, and a committee un Screw Threads and Limit Gauges was apfKiinted. This committee issued an interim report 
in -April, 1905, and their final report in TJOT. A report on British Standard Nuts, Bolt-heads and Spanners was also issued in 
August, 1906, by the Engineering Standards Conmiittee, and we shall refer to these reports where they affect cuixeufc practice 
^ we proceed. 

In the old days it rarely happened that screws of the same nominal size made in different parts of the country had even the 
same pitch, thei^fore the all-important factor of interchangeability in the construction and repairing of engines and machines, 
*Mch is now a fundamental feature uf all good work, did not exist. Even now. when the screw threads proposed by Whitworth 
^ universally used, screws varying in diameter, pitch, and number of threads from standard proportions, called hasiard screws, 
a»^ to be occasionally met witli in old work. Fig, 228 shows tlie shape of our WMtworth Vee thread. Tlie angle between the 
threfids being 5^^^, and ^ of the full depth of the triangle ahc being rounded otf at the top and bottom, to a radius of 0*137329/>, 
*^ aliown. But the full depth is 96 the pitch, so that the actual depth of the thread is ;| X 0'96/> ^ O'Mp, or, to he exact, 0"640327;? 
And \{ d ^ diameter of the screw at top of the threads, Fig, 230, and di — diameter at bottom of the threads (the net diameter), 

tliea the diameter di = 0*9ff - 0-05, nearly . , (25) 

and if n = number of threads per inch, 

Then« 



p^ = 0'08d + 0*04, nearly 

Tit 



A series of finer pitches^ (to supplement the Whitworth series^ suitable for bolts for connecting rod endR, and piston-rod heads, 
isaow in use, known as the British Standard Fine Screw Threads (B.S.A;). For screws up to and including r',*the pitches lieing 

based upon the formula p = ^^, where d ^ full diameter of thread. And for sizes above 1^' and up to 6", p = 



10 



10 



Definitions. — ^The following detinitbns are due to the EngiDeeritig Standards Committee: — 

jBffective Diameter of a Berew.^The effective diameter of a screw having a single thread is the length of a line drawn through the axis and at right 
angles to it, meiisured hetweeti the points where the hnc cuts the slopes of the threads. 

Core Diameter. — Twice tlie iniMimiiiu radius of a screw, measured at right anglea to tlie axis. 
Full Diameter. — Twice the maximum radius of a screw, measured at right angles to the axis. 



' Rumsd^n. in IT'^'s Wfm one of the earliest to alUMUpt toohtain extreme accuracy lu ongtuatisjr screw threads in hisdiviQlinj? engine, 
3(uudBl&>\ subsequently took the luutter ia hand, uiid hia kljonrd did not ceiise until he htvd prnclicaUy evolved the screw-cutting lathe, 

• According to Briggs the relation of pitch and diameter of the Whitworth svtttem is iipproitimftlely — 

p = H>75^' - 0t)075(i' + 01"24 

* Hefer to Aulhor*B ** Machine Design, etcV' P- ^93« 



The fiimous mechiinlcian, 
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Greet. — The proraiaerjt part of the thread, whether of the male screw or of the female screw. 
HooL^The bottom of the groove of the thread, whether of the male screw or of the female screw. 
Slope of Thread. — ^The straight part of the thread which coonects the crests ami roots. 
Angle of Thi^ad. — The angle hetsveen the slopes, rafasiired in the axial piano. 

In Fig, 229 is shown Seller** tbread, which we have explained is the standard shii\te adopted ijy America. Thi 
being equilateral, the angle is therefore 60°, \ the full depth of the triangle being cut off top and bottom, as shown 

PROPORTIONS OF SCREW THREADS. 
WHITWORTH'S THREAD SELLER'S THREAD 



I 



PiTCH 






l«9i 



R0,O' 






.f-V. -I 



r 




flats parallel with axis. So that the actual depth of the thread d* = Jrf, or d' — '^ x 0*8(567? = 0*65/;. The proporL 
Square thread (Fig. 224) are shown io Fig. 231, the pitch for standard screws being twice that for vee threails, 

1 
or, the pitch for square tbreadB p = - ^ O'lOf/ + 008, nearly 

And I if di = diameter at bottam of threada, as in the other cases, 

Then rfi ^ O'Sor/ - OU75 

With this thread the thrust is very nearly parallel to the axis of the screw, and therefore there is no bursting strain m 
which is an impijrtant advantage. But the thread is mom costly to produce than the vee thread, more jiarticularly as 
be satisfactorily cut with dies. The figure shows the usual proportions of the thickness and depth of the tlireads. 

Fig. 232 shows a modified form of the square tliread known as tlie Acme standard, or 29^ screw thiead. It is used i 
tools where a disengaging nut is required, as previously explained. 

The depth of the thread is (refer to Fig, 232) d' = f^p + 001 ..... 
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And the width of the point of the toi J for a screw or tap thread = 03707^; - U'0052 

width of flat on top of the thread = 03707^^ (30) 

This angle of 29- has also heen generally adopted in cutting worms for gearinf^'. Refer to Chapter on Spur Uearing. 

The usual proportions of the huttreas thread are shown on Fig. 233. Thia thread to a certain extent cuml lines the important 
feature of the square thread already explained with the strength of the vee thread, but it has the disadvantage that it can only be 
efficiently used iu one directiou, uamely, that wliioh causes the thrust to act parallel to the axis, as shown by the an^ows. In 



WHITWOFITH SCREW. 



PROPORTIONS 

SQUARE THREAD 



OF SCREW THREADS. 

ACME SCRiW THREAD 

-pitch 



BUTTRESS THREAD. 




Fig. 230, 



Fio. 232. 



Fio. 238. 



c^es where there is little work to be done by it during a reversed motion, as in some presses, and when used on the breach 

blocks of large guns, the effect of the oblique thrust is negligible, antl this is often the best form of thread for the purpose. 

118. Drawinf Exercise. — From a drawing point of view by fai' the niost important detail is the bolt and nut, as any want 

"f accuracy in presenting it mais the appearance of what otherwise might be a very good drawing, and offends the trained eye. 

further, as tlie detail so often occurs on drawings, a real effort should be made to set it out in the usual mmenfwnul uxuf shown 

ill Figs. 234, 235, and 237. 

Commence with the Flan, Fig. 237, by drawing the circumscribing circle (with a radius^ equal to cl, the diameter of the 
"Olt) and the bolt circle (radius J^"), and from the latter draw projectors, cutting the former in a and h, join ah, and draw the 
chamfcT circle, touching ah in t\ The hexagon is then completed with the 60" set-square, making each of the other sides just 
^ueh the chamfer circle. Projectors from the comers c, f can now be drawn, and these, witli projectors from a and h, give the 
^^efioite elevation of the holt body, and edges of nut and bead. The thickness of the nut (= d) can now be set off, and with 

J^iis \2d, and centre on centre line, the are/K can be drawn, and a line through these points gives M and N, which are used, 

w shown, to draw the arcs on the side faces ;^ the elevation of the nut is then completed by drawing the chamfers at 30^, to just 
fcuch the arcs. The bead is drawn in the same way, making its thickness equal to M, whilst the point or end of the bolt is 
lisually rounded with a radius — iL The screw threads are easily drawn in the conventional way shown, the slope being fixed by 

' An WW hayo explained, for dniwiiig piirijotses (for 1" bolts and under) it ia oonTenieut to iniike the diameter uortiaa the angles = M, 

* A little praotic»> will enable the atudeiit to draw these with ootiflidetnUo flcouriMJy and facility^ by feeling for the centre and radius, aaaummg tentative positiona 
Tor the former till iu true position in fouud. 



PROPORTIONS OF HEXAGONAL BOLTS FOR 
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BOLT WITH SQUARE 
HEAD AND liUT. 



4MNIMiuMltt*?W 





riC.236. 



.^^ 






.ATV 



marking up ^ the pitch ; the thick 
lines of coarse represent the bottom 
of the threads, and their diameter 
may be found by making the small 
ei[uilateral triangle, of side equal 
to the pitch, which gives the ap- 
proximate depth. 

Fig. 236 shows a bdt with 
square head and nut and square ntck 
to prevent the bolt rotating whilst 
screwing up ; the proportions given 
in the table (Na 3X with the ex- 
ception of the diameter across the 
angles, applv to these. 

119. YariMs ^pet of Bdti, 
etc. — We may now give some atten- 
tion to the various types of bdti 
and bolt hoods in raieral use. Fig& 
234, 235, and 237 show the form 
of the common hexagonal bolt and 
nut. The prc^M»tions of these are 
now itaadaidiwd,^ they are practi- 
c;\lly thMe given in Table 3, which 
;irv in commcm use. The practice 
of some manufacturers in the ptst 
hcks Uvn lo make kri^ nuts and 
r.eads^ somewhat smaller indiameter 
:haii Ua^ onfi&» bat this is ^-e? 
iuvvuvexuenu as^ if Iw no other 
ivikjc-. i: neiKSsiuies the use rf 
: vc sriinseis for the same sLk b(dt- 
H ; vreW. a$ now standaidind bo^ 
:r::ei:>:vc:5. U)e mimiu^mm dimeDSMBS 
F;r vriizKirr inKwimm mmrwettt tk* 



i*:tfir 1^ *i;Hin.'i*«». .0 ^^• oj^ >-ja»i:k?-i >cc^» r::MbiA> 7<E9biCiAi ^ Oraw f 



»« 
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TABLE 3. — Dimensions of Whitwobth's 55° Threads, Hexagonal Bolts, Nuts, and Heads (Bbight). 

Thickness of nut in each case = diameter of bolt. 

Square nuts and bolts have the same proportions, with the exception of the diameter across the angles. 

Note.— Befer to remarks in Art. 120 relating to this table. 















Thickness of bolt 


DItmeter of bolt of wrew = <J. 


No. of threads 
per inch = n. 


DUmeter at bottom 
of threads = d. 


Diameter across 
flats = D. 


Diameter across 
aaglessDxilU. 


head=:|d = t 














< = 0»d) nearly. 


iV 


0-0625 


60 


0-0411 


0-212 


0-2447 


0-0547 


I 


0-09375 


48 


0-0670 


0-280 


0-3233 


0-0820 


? 


0-125 


40 


00929 


0-338 


0-3902 


0-1093 


l''« 


0-1875 


24 


01241 


0-448 


0-6173 


0-1640 


A 


0-25 


20 


0-1859 


0-525 


0-6062 


0-2187 


0-3125 


18 


0-2413 


0-6014 


0-6944 


0-2734 


3 


0-375 


16 


0-2949 


0-7014 


0-8191 


0-3281 


iV 


0-4375 


14 


0-3400 


0-8204 


0-9473 


0-3828 


i 


0-5 


12 


0-3932 


0-9200 


1-0612 


0-4375 


A 


0-5625 


12 


0-4557 


1-011 


1-1674 


0-4921 


s 


0-625 


11 


0-5085 


1-101 


1-2713 


0-5468 


\\ 


0-6875 


11 


0-5710 


1-2011 


1-3869 


0-6015 


i 


0-75 


10 


0-6219 


1-3012 


1-5024 


0-6562 


u 


0-8125 


10 


0-6944 


1-39 


1-6050 


0-7109 


Y 


0-875 


9 


0-7327 


1-4788 


1-7075 


0-7656 


}% 


0-9375 


9 


0-7952 


1-5745 


1-8180 


0-8203 


1 


1-0 


8 


0-8399 


1-6701 


1-9284 


0-875 


H 


1-125 


7 


0-9420 


1-8605 


2-1483 


0-9843 


11 


1-25 


7 


1-0670 


2-0483 


2-3651 


1-0937 


1-375 


6 


1-1615 


2-2146 


2-5571 


1-2031 


It 


1-5 


6 


1-2865 


2-4134 


2-7867 


1-3125 


1-625 


5 


1-3688 


2-5763 


2-9748 


1-4218 




1-75 


5 


1-4938 


2-7578 1 


3-1844 


1-5312 


1-875 


4-5 


1-5904 


3-0183 


3-4852 


1-6406 


2 


20 


4-5 


1-7154 


3-1491 1 


3-6362 


1-75 



Note. — The diameters inoreaso by I" from 1'' up to 6", but the Engineering Standards Committee reoommend that the following sizes shoold be dispensed with : 
I J", 2j". 21", 2t", 21" ; in fact, all the odd Jths" up to i'* and, over 4", advances by J". 

The number of threads to the inch for all sizes remain unchanged. They are for the larger sizes : 2|" 4*5 threads to the inch, from 2{" to 2t" 4 to the I", from 
o 3^" diameter ^ to the inch, from 3^' to Sf diameter 3*25 threads to the inch, from 3J" to il" diameter 3 to the inch, 4)" diameter 2'875 threads, 5'' diameter 2*75 
ids, 5*5" diameter 2*625 threads, and 6'' diameter 2*5 threads to the inch. 
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proix)rtions shown in Figs. 234 and 235 may be generally iiaed for the sake of conveuience. 
nuts may have the following approximate widths : — 

■j*L # J * J t// J- ^ 1 Width across flats = l'732(n 

Approximate widtlu for diuwing purposes, up to 1 diameter j^idth across corners - 2d } 

Aa standardized,^ the maximum and minimum widths across the Hats varies as follows :— 

Maximum. 

For bright nuts and headi l-5t^ + 1*0" 
For black nntu and bolts 15d + 1*0'' 



For diameters np 



Minimum. Mftilmum. MlnlmtmiH 

l-nd + 0-970" for 6" bolts to 2a! + 0025" 2d + 0020" for i" bolts. 
1-5^; + 0-950" for 6" bolta to 2i/ + 0025" 2d + 005" for \" bolts. 

120. DimenBions of Bolts and Nuts. — Table 3 gives the usual particulars of Whitwortb's Bolts and Nuts up to a diame 

The diameters of the he 

BOLT AND SCREW HEADS. 

HEXAGON HEAD TOMMY CUP HEADS 



/^ 



AL'SNUfi 



CHEESE HEAD 



SET SCREW 



HEAD 



ft 



4^ 



4r<jl-6rf 



r 



..^3- 






FfG: 238. 







i 


k— ^ 



V 





FIG. 230. 



FIG. 240, 



Fta 241. 



FIG. 242. 



FIG. 243. 



are snhstantiallj the sai 
recently standardized ( 
the latter are given i? 
ranees for limit gaogu 
new standard gives tht 
thickness of approxima 
8o in all cases where v 
dimensions are reqn 
standard tables shonlc 
ferred to. 

As we have se 
thi^eads- than the ^W 
are now pretty gen en 
for bolts of connecting 
and piston-rod heads; 

the formula, m^^/t = — - 

up to V\ and pitch = 

sizes 1'' to 6". 4 

121. Bolt and Sere 

^Tlie following are 
examples of Ijolt ai 



' British Standuid Nuti, BoltheadM/' Pablisbed by Croaby Lockwood & Sod, 2«. Oci. net. 



* Refer to the author » '* Machine Beftign, etc.," p 
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TEE-HEAO BOLT. 



SPECIAL BOLT HEADS. 

TEE*HEADEDeOLT 

WEDGE SM APE HEAD. 
ALTERNATIVE FiXING. 






in general use. Figs. 238 and 239 show tlie Cheese Head, with two ways of fitting the smuj which is requked with 

heads to prevent rotation whilst sci^wing up. Fig. 240 is an ordinary Hexagon Head Set Screw^ tlie thread Ijeing 

run right down to tlie head. When this screw is used, to prevent any lateral mo\eiiieiit, such as when it is used in a 

shaft's loose collar, the points are steel and either conical, 

aa at A, or cupped out, as at E (refer to Art. 128), Fig, 

241 is a Tommy Head, witli cross holes, in which a iT>und 

taper bar, cidled a tunniiy, is placed for screwing up. Figs. 

*242 and 243 are Cup Heads ; sucli {ire used for stove screws and 

coaci bolts, respectively. In tlie latter case tlie snug iVirged on 

prevents rtjtation. In Figs. 244 and 245 two \iews of an 

applipation of a Tee-Head Bolt Vive shown. These holts are also 

lively used for liohling down work on planing and other 

macliines, the head fitting grooves in the tahle (as in the 

idevation, Fig. 246). The Figs. 246 and 247 also show an 

iteresting way in which this l)olt is sonietiiues used; the 

' is passed tliroiigh the slot iu the upper piece and then 

% quatler turn about the axis l>riugs it into pusition so that 

tlie square corners prevent further rotatirm, as shown. In 

Figs. 248 and 249 are sliown the Wedge-Shaped Head, Tlxis 

^">lt is also used for holding down work on machines, etc* 

Tlie Hook Bolt, iu Figs. 250 and 251, is used in ca.ses where 

tliere is not room for a bolt hole tlirough one of the pieces 

^ be connected, or in cases where a bolt hole would seriously 

Weaken a piece ; so they are used for attacliing sliaft hangers 

to the flanges of joists and girders. Figs. 252 and 253 3ho%v 

;fchead of an Eye Bolt, so aiTanged that when the piece to be 

fixrf to the part A is fitted with an open hok tlie bolt can be 

ipidly swivelled into and uut uf position about the pin through 

eye. This is a very useful an'angeraent, especially for pump 

'tirk and for the valve covei-s of petrol motors, or for positions 

lemlly where the holt, if loose, might ftiU out and get lost.^ 

]S. 254 and 255 show an an^augement of the Eye Bolt for 

ivelling in a plane parallel to the face of the work. Figs. 

i6 and 257 show the Boss Head Bolt, which must he u-sed with judgment, as the wedge action of the head throws a bursting 
in upon the adjacent metaL Fig. 258 shows a Liftiitg Eye Bolt, which is screwed into a hole near the centre of gi-avity of 

^ The lugs oil tUe caating A have, by an overiight, l>eeti ma-Je too tliin. 




ihm. 244» 245. 



FiOfl, 246, 247. 



Figs. 248. 249. 
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FIGS. 256 & 257. 
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FIG. 258. 



FIG. 260. 
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iuder covers, jacketa, etc., for the attachment of a rope or cliain for lifting purposes. Fig. 259 shows a Conical-Headed Bolt, 
Ji snug to prevent rotation whilst screwing np ; this is used when there is no room for an ordinary head. In Fig. 2ti0 we 
ve a Bolt with Intermediate Head or flan^^e ; it remains in 



ORDINAItV STUD 



USE OF STUDS. 

STUD WITH SpUARt COLLAR 



sitioii wlien the top nut is taken off; in fact, it is a com- 
led Bolt and Stud. Fig. 261 shows au Ordinary Stud ; it is 

fitted that it is a sung fit when screwed home in the flange 

the thickness t of wliich should not in any case l>e leas than 

d^ hut l^f/ ia a hetter proportion. Studs are occasionally made 

Lth a round or Square Collar, the latter (shown in Fig. 262) 

.n be used witli a spanner for screwing np ; it also forms a 

loidder to screw liome to on the flange. Fig, 263 shows a 

^pped hole for a Foromg or Lifting Screw 0, closed hy Set-Screw 

^ when out of use. Cylinder covers, junk-rings, valve-ehest 

Heel's, etc, are fitted with these to hreak tlie joints prior to 

ftiiig with Eye Bolts. In Fig. 264 is shown an Adymstuig Screw 

ritli a locking nut. It is used for a variety of purposes, 

ot^ibly for adjusting tlie pjsition of sliding strips fur the sliders 

f machine tools and lathes. When tlia part in contact with 

be end of the sci*ew is arranged so that a movement at right angles to the screw can be made, then a saddle-piece^ S, Fig. 

3 used to prevent a burr being formed w^hicli would prevent movement. The hole for the .saddle-piece is made by an arbor 

forked through the sci^w hole. Fig. 266 shows a case where 




Fia. 261, 



Fig. 262. 



Fio. 263. 



265, 

tool 



ADJUSTING SCIIEW 



SET SCREW 
WITH SADDLE 



D0U6L£ NUTTED 
BOLT 



SryO AND SCREW. 



k bolt6 would have to be double-nutted, wldlst in Fig. 267 
8 shown a ca^ where, if A is a stud, it would not he practicable 
* tiae a sfud at B, as the angle plate C could not he put on or 
Aken off without using a Sfrcw F» w4iich can be withdrawn, 
^^ws and studs screwed into tight- fitting holes, wliich do 
^ot penetrate the lower surface of the flange or piece, must 
lave a groove running lengthwise across the threads to allow 
'lit? air to escape from between the bottom of the hole and the 
M of the screw whilst the stud or screw is being screwed home. 
122. Special Knts. — Tliere are a great number of special 
iots iu use, a few of which we will call attention to. Fig. 
^'8 is the spherical seated one, used to allow a small move- 
laot from normal position of the part on wliich it rests ; it is much used on tool holders of lathes and machines. The Flanged 
viv Fig, 269, gives a larger Ijearing surfac-e ; it is suitable for use when the hole is sensibly larger than the bolt, but it is c<5<i^i^ 
m ^ This is convamently ueod to hold tight the bolt wliich holds the back oentre iu the loose hea<lfliock of some bquiII Vb^^^!»- 




Fm. 264. 



Fid. 265. 



Fig, 260. 



Fio. 267. 
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Jakagfl 



to make. In Fig. 270 is shown a Flanged Cap Kut, usetl to prevent fluid leakage past tlie screw threads. To prevent leak; 
at the bearing surface a c(f}}per washrr may be iisod, as in Fig, 271, Tlie ordinary Thumb Nut k shown in Fig. 272, and another 

form in Fi^, 273. , i. , , , i i 1 1 ■ . n 

123, Extra Thick Nuts.— Wlien a nut has to be very often removed, as for instance when used on tool holders, it ls nsuallj" 

made of steel, and at least one and a quarter times the ordinaijj 



SPHERICAL SEATED NUT. 



SPECIAL NUTS. 

FUANOED MUX 



FLANGED CAP 
NUT. 




Fm. 2G8. 

CAP NUT WJTH 
COPPER WASHER 



Fio. 2t)9. 



THUM6 NUT, 



Fm. 27(1 



THUMB NUT 



thickness, to reduce the wear both nf the tlireads and faces, II 
is also made thicker when of a softer and weaker material than] 
the bolt (for instance, a gun-metal ^ or brass nut for an iron bolt^ " 
or an iron nut for a steel bolt), so that there may be as little 
wear of the bolt as possible. Nuts which have to be constantly 
taken utT are erne hardenrd to prevent the sides being unduly 
worn. But iron and steel studs should not te screwed iatOi 
brousse, as they rapidly rust, especially when exposed to the action 
of sea water. 

124, Locking Hats and Arrangements. — No matter how pe^J 
feet the fit of a not on its bolt may be, when it is subjected tor 
vibration, nr to the jarring tremulous motion of machinery, the' 
nut gradually works loose or tends to do so, and may, if there ^ 
is nothing to stop it, work off the bolt. Now, one of the be' 
known expedients to pi*event tliis, and the one usually employ^ 
when pieces subject to rapid motion are connected by bolt^ 
the Lock Nut,'^ which is an extra nut screwed tightly down on I 
the ordinary one, as in Fig, 274, to jamb or lock it on the 
in such a way that it will not work loose and gmdually screH 
i*ft^ the bolt. This lock nut is sometimes made half the ordiaar] 
thickness of a nut, on the assumption that it is only to jamb 
the other nut and take only a small part (if any) of the load 
bnt a little consideration will satisfy tlie student that it is the iop nnt wlu'ck pntctirafhf takes (he irkok load, and of course th 
thick nut should l>e there (as in Fig. 274), aa the trur lock nuf,^ but spanners are rarely thin enough to take the lock nut whefi 

Lit is so thin and is placed at the bottom, and this has led to thegiowtb of the faulty practice shown in Fig, 275. An obvioti^ 
way out of the difficulty would be to make both nuts the full thickness, but there is not always room for this, and when ther* 
is it offends the eye, so the compromise of keeping the total thickness the same and making them both the same thickiiefla*^ 
nan 



I 




FiQ. 27L 



Fio. 272. 



Fig. 273. 



namely 5^ to J^/, is one that is often met with. However, the standard aiTangement is now the one shown in Fig. 274, and th 

For tt p^un-meiftl out on un iron bol(^ llmt is fuUs' straiaed the tbickriesa of tlic nut alumUi Im^ IBd. 

Nothing: completely flatiai'ftctory hius yet be«n evolved to ioek the nuia of mil fish-pliite hAi&, nud prevent them iKtu^ loosened l»y the shocks of p<iB*ing tmina. 

II 18 the practice of some eoginee?8 to iirratige lb« tinta in this way, and to nmke the thiokueiw of the holtom on© cqutil to d iind the top one equal to Jd, 
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should always be used when convenient. Fi^. 276 also shows the end of the bolt turned down to allow the nut to be screwed 
on and off easily,^ and to more conveniently allow of a BpUt pin to be used, whore the bolt is subject to much vibration, to prevent 
the nuts workia^' off There are many. 



LOCK NUTS. 



STAUOARD PRACTICE. 



PRACTICALLY CONVENIEWT, 
THEORETICALLY FAULTY, 




FiO. 274. 



Vw. 27ii. 



125. Other Locking ArrangementB. — The one shown in Fig. 
277, the Penn or Ring Knt, is largely used, particularly for the 
bohs of connecting rod ends and the atuda of piston rod heads ; 
a circular recess being made in the cap A to receive the lower 
part of the nut, which is turned to suit, and grooved to allow^ 
the point of a set-screw to press on it and lock it. Fig. 278 
shows an obvious variation, the collar being used to save 
recesiiing the cap, a pin F prevents rotation of the collar. One 
of the simplest ways of locking a nut is shown in Fig. 27\f, 
but to make a job of this the steel aet-screw should have a 
hardened cupped point and be placed opposite a thi-ead, then, 
if the fit of the set-screw be snug and it is screwed u[» with 
judgment, the nut is held tight and very Hfctle bLirr is raised 

the screw. 

126. Wile*8 Look Nut, The ITse of Taper and Split Pins. — 
Kgs, 282 and '283 show Wile s lock nut ; it is sawn hailVay 
through, and a set-screw at S draws the parts together after the 

liut has been screwed home, gripfaing the tlireads. For sizes smaller than 1" the set -screw is utit 
Wow being sufficient to slightly close the saw cut before the nut is screwed on. Locking by Pins; 
putting a split pin ihiough the bolt just above the nut, as in 
Kgs. 284 and 285, prcvents the nut screwing off, hut lisirdly 
J<Hig it. On the other hand, a taper split pin (taper abtjut i" 
to the foot) fitted to a reamei^d hole thi'ou^h the nut and bolt 
*8 in Figs. 286 and 287, with the split end opened out, forms 
^ ahmluh' lock, and piston ends are often fitted tliis way. The 
tandard proportions of ordinary taper pins are given in Table L 
126a. The Capstan Nut or Castle Nut {Fig. 287a) is largely used 
for locking purposes in motor-car work, and on jobs generally 
tbat are subjected to sudden shocks and much vibration. It 
conaista of an hexi^onal nut with a portion turned off making 
4 circular collar, tturough which rectangular slots are made, and 
iato which, after the nut has been adjusted, a round or rectangular 
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Fio. 27U. 

generally used, a liamnier 
the commou expedient of 

NlfT WITH SET SCREW 




Fig. 277. 



Fio. 278. 



Tliis ftiraDgemeut in esp^oialJy neocd&iiry in large liurizoDtal bciew^^ auoh a& the bcrcwtd end of a prop«Uer Hbaft. 
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cotter with split ends is fitted through nut and l>olt. The standanJ proportions recommended are, D = width across 

T = 125fl H = 075//, and t = 0-4375d, the radius R may ^ g, and W = (y25d. 

127. Foundation Bolta>^ — Figs. 288, 289, and 290 show three different arrangement of he^ads for fixing into stone wor 

taper head in Fig. 288 ig 




LOCKING ARRANGEMENTS. 

WILE'S LOCK 
NUT. 



CAPSTAN 

H h^D 

-h; 



NUT. 




FioB.aBO, 281. 



FiOB, 2S2. 283. 



Fig. 287a. 



and molten lead or sul 
poured into the taper 
fill the space lietween h 
stone. Where great 
is required four parall 
or kei/s, are used in addi 
in Fig. 289. For ten 
fixing, or for lifting 
bluckB of stone, the Lei 
(or taper bolt) head 
It has a single moval 
(Fig. 290) made with 
taper and a head H to fi 
withdrawal. The tota 
in each bolt is IJ'' 
foot. 

128. Loose Collan.-^ 
ever end movement of 
or spindle is to be pn 
colhirs are used* These' 
part of the shaft itself, 
as in Figs. 291 and 
which case they are sefl 
the shaft (in contact 
bearing at F), and tin 



movement is prevented 
screws. Ordinary loose collars are made wiLhoui the boss shuwn ; they can then be easily turned all over 

129. Set-Screws, — ^The points of the set-screws are usually of hardened steel, or if of wrought iron they are case-hai'denQ 
shape of the point may be either mnkal, as shown at C, Fig. 291, or rounded, as at A, or cupped, as at B, The rounded pa 

' Ai«o refer to Figs, 372. 373, and 874. 
« Also refer to|Fig. 86. 
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the least amount of damage to the shaft, and it has a good hohling power,^ When the conical point C is used fur cases where there 
is considerable holdiDg power required, a conical hole is usually drilled in the shaft to receive it. Set-screws are also used in some 
case8 where the Totatio7i of a piece on a shaft is to be prevented. 

130. Waahera, — ^Wlien the seating of a nut is n.*ugh or uneven a washer is used to provide a smooth surface for the nut to turo 
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RAG 80LT WITH KEYS 
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'Ill S^ 




Fto. 288. 



Fio. 289. 



Fio. 290. 



FiQ. 29L 



Fid. 202. 



on Washers are also used to spread the pressure of the nut over a larger seating when the material is weak enough to require it, 
Pigs. 293 and 294 show an ordinary rough black washer (plain or square edge) punched out of sheet iron. When washers are used 
^nth bright nuts they are turned and usually finished with a slight chanifrr, as in Fig. 295, A being heixllrd, B rounded, and C 
fcollowed. The coiled spring washer. Fig. 296, forms a lock for the nut when the latter is screwed down on it. Unscrewing is more 
i^ less prevented by the sharp edges N and M tending to cut into the nut and bearing surface respectively, and by the washer 
Wong up any slight back-ksh, and in so doing reducing the tendency tc^ work off due to vibration. Obviously this washer should 
M be used when the nut is to be frequently removed. The proportiona shown on Figs, 293 and 294 are about the ordinary ones, but 
lor wood and other soft materials they must be made pi-oportionately larger in diameter, and thicker. 

* Profcfldor Lahzii, In experimeoting on the lioldia^ jKiwer of aet-scraw^, found tbitt this farm ofiered the greatest reelatanco to iliding \ a j^' iorow^ end rouoded to ^" 
»i4iai, huTmg i\ meoi] holiimj powar of 21112 Iba.^ the meuo holding power of the cupped aorew B being 2470 Iba, 
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131. Screwit with Multiple Threads.— The pitch of a screw may be defined as ihs distance ?fe nut a(haiic€$ for 
Now, we have seen (Eq. 27. Art, 117) thafc with a single threaded screw of fixed diameter d. Fig, 297, the greater the 
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FlOS. 293, 291. 



Fi&. 295. 




KiQ. 207. 



smaller will the diameter he at the bottom of the threads, therefore the weaker tlie screw becomes ; so, to obviate thi^ 
pitclies are required, screws with two or more threads of the same pitch running parallel to eacli other are used, Fig» 29f 
screw with u doable thread, and Fi**, 299 one with a treble thready both of these haviog the same diameter and pitch as 
thrmded outs. The pitch o£ two adjacent threads (or the pitch of tlie screw divided by the number of threads) is i 
divided pitch, and it should be evident that the sincdkr this pitch tJu greater will be the total shear resiMance and toorhi 
of (he screw. 

132. Square Threads versus Vee Threads,— If the tensile load on a vee threaded scmw in the direction of its length 

sen ted by T in Fig. 30D, then N and B may represent the normal pressure on the threa 
measure of the friction), and the bursting force on the nut, respectively. From tlii 
of furces it is evident that the larger the angle between the threads the greatei 
bursting action be and the larger the amount of Mction; and, of course, the conven 
Indeed, when the angle decreases to the vanishing point and the sides of the threac 
liarallel, we have the case of the square threaded screw, where the axial tension in th< 
nearly equal to the normal presstue on the threads. Hence with this screw there is m 
action on the nut, and for these reasons the sqnan\ threcid is preferred far drimtig p 
transniitHitt/ motion. But for the same depth of thread the w€ iJiread has about twice t 
of material resisting the shearing action at the root of the thread ah than a screw with square threads, so, even 
threads could be produced as cheaply as vee tlireads, the latter would be preferred in ordinary coses where stren 
main consideration. The buttress thread, Fig. 233, as has been explained, to a large extent combines the advantages i 
and square threads for certain purposes. 




FiQ. 300, 
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The following table should be helpM ; it shows what working stresses experience has proved to be satisfactory for the cases 
kferred to, but in special cases, where some of the conditions are not quite the same, tlie yoim^^ engineer shonUl l>e guided by what 
Q intelligent grasp of the point.H brought out by theory and experimeot should teach, if accepted working stresses fur the paiticiilar 
ise are not available ; and in this connection, the tables in tlic following article should be instructive. Probably, in actual 
ractice bolts are, more often tlian is known, strained much beyond what strict theory would sanction ; indeed, Kirkaldy was of 
pinion that ** screwed bolts arc not necessarily injured although strained nearly to their breaking point/* But we have seen 
hat bolts in joints of cylinders and pipes, or of other vessels under internal pressure, are usually subjected to a stress 
rom screwing up considerably in excess of that dne to the pressure, and, as this excess is an uncertain and unknown quantity, the 
alculated stress on the bolts due to the pressure should be kept low. Of course in joints mat are often broken, sucli as for 
nanhole covers and like fittings, the stress at the root section should very little exceed 200Q lbs, per sq. incli, 

133. Working Stress of Bolts and Studs at Root Section ^ Face Joints. — 

Steel Iron 

Largest diameters of Bolts and Studs / = 6000 4800 

Under J" diameter / = (4500 to 3000) (3600 to 2400) 

Ordinary Marine Practice / ^ 5000 4000 

Cylinder under 10" diameters / = 2500 2000 

?or Hougher Jc^ints, with packing which must be compressed to make the joints tight, to be on the safe side, ilic above vaiues of 
uld he haivt'd, 

EXERCISES. 
DEaioNfNa, ETC* 

Explain how ilie Btn^ngtli of ti screw it influenced by the pitch of it4 thrm4@. 
, ^% In a cfTtahi hydraulic pr*fs« the whole lijad i*f 100 tuofliatiiken on two steel Ijolts, and tlie working **trp8»t »t the* root aeetwn of the thr^iids haa lieen fixed at 
fi'iOr* Jbfi. ptr Bt|. in^h. What eize should the huUs he? and wbut pitch of the tlireode would yoy recommend? Beai-itig in miiid thrtt the nmteriul is steel, would you 
^ to use plus threads ? If *i, why ? 

Drawing Eiiebcises. 

Hftkf dmwingH of the foll«iwiug: Whitworth bolts, }/\ ^'\ and 1". fthi»wing three viewi of t acb. Foil size. 

Mnke workinjr drawings Jif a capalnn nut (Fig. 2H1a) for a 3" Ixjlt. Bhnvf it fitted with siiititblt^ pin. Scale fuD «Lze. 

Set out a l<>ofte adhir for a 3" shaft with a cupped set-sorew. 

Sketckinq Exumtsm. 

Make a flki^toh cihowing the true form and propf>rtionB of tbe standard Whitworth thread. 

M»kc Bkeii'heM of the following:— a tee-head Uilt, book bolt, vye b»lt, stud, forcing iicrew, adjuutiog screw, «t*t^»or©w with saddle itiece^ flanged nut, cap utit^ | 
» nut. 
Sketch a Lewis bolt, alafl a Rng bolt for use with keys. 
Make a e>ketoh of u ?ooce collar^ and ^how an application of it. 



' Refer to Art. 148 in " Hydrftulic Pipe Joints.** 



CHAPTER XIII 

MACHINE HANDLES, ETC. 

134. Among the minor details of machines that deaerve careful attention in the drawing office are the handles ; for few things 
add more to the convenience in working, and to the geoeral attractiveness of a machine, than Buitable and neatly designed haaJlci. 
They are fittings which vary very mncli in form, even when used for the same type of machine, so therefore we shall he justified 
in examining a number of those most frequently met with, and remarking on their good or faulty features* Now, although we 
have no standard of comparison, we may admit that an ideal hatuUe should be strong and durable^ Bimple and cheap, be pleasant 
to manipulate and elegant in appearance. As these requirements are somewhat contUcting^ usually the best compromise is aimed 
at. Commencing with hand levari, or lever handles, the lea.st expensive form is the flat type, one of which is shown in Fig. 303; 
it is strong and durable, hjoks very well, is comfortalde to handle, and needs no machining. For finished work it is filed up 
and polished, or ground, but for rough work it is used direct from the forge or trimmed with the file. Another example of this 
type is shown in Fig. 302 ; it is perhaps somewhat more pleasing to look upon, and a better hold can be got when the pull is 
in the direction of its length, but it is not quite so cheap to forge, A form of handle largely used is shown in Fig* 304; it h 
easily made, but is clumsy in appearance, although comfortable to handle. Figs. 305 and 309 show a tyi>e of lever handle which 
is more commonly used than any other, being suitable for any size work. It is easily made and cheaply turned and milled, 
if for finished work; and it has a neat appearance and is strong. The end may be hemispherical, as in Figs* 307 and 309» 
or somewhat flatter, as in Fig, 306, or flat with rounded comers ; but when made flat in this way it is not quite so pleas 
to handle. The bead on tlie latter is finished with a spring tool ; it gives to the handle a distinctive appearance but somew] 
increases its cost. Fig. 301 is an ele^^ant form, designed to fit the palm of the hand, but it is not often met with now, excepC 
in small work, as it is more expensive to turn, requiring, if not finished by hand tools, a special former-plate attachment to the 
slide-rest of the lathe. In Figs. 306 and 307, the shoulder is dispenscul with, but the latter requires some handwork to finisli 
it after turning. Fig, 301 shows a typical boss-end suitable for all the handles from 302 to 309. A very useful form of balanced 
handle suitable for horizontal shafts is shown in Figs. 310 and 311 (they are largely used on machine tools); the boss is shown 
round, 1»ut sometimes it is made square. Figs. 312 and 313 show a convenient fortn of Tightening Handle, which is largely used 
for gripping purposes, such as for holding the back-centre bolt of lathes. The angle f) depends upon the amount of cleaiuiice 
required for the hand. 

Small handles that take the form of a star-ball wheel, Figs. 314 and 315, are occasionally met with; usually they are eithi 
oast, or are stampings. The CapBtan Handle, Figs. 316 and 317, is another example of this kind, suitable for larger work, whei 
both hands are used to manipulate it. This type of handle is also used to give motion to the tables of hand-planing machine. 




307, 308 

lions shown on the handle itself are suitable for a large range of sizes. A handle of another shape is shown in Fig. 320 ; 
|e remarks made in eonnection with Fig, 308 equally apply to this. These handles are ahown riveted, but they are sometimes 
Id from the solid. 



un 



MACHINE DRAWING AND DESIGN FOR BEGINNERS 
MACHINE HANDLES, DIFFERENT TYPES. 




FiOB. 310, 31 J .— Balanoed type. Fkm. 312, 313,— Tigbtcning handle. 




Fios. 316, 317.— Cuputaii type. 




FiQ& BI8, 320, 319. ^Unbalanced tjpei. 
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Ordinarily, the square, hexagonal, or D-shaped holes in the bosses are slotted and sometimes finished with a drift; but 
ther^ are now special drilling machines used by some makers, by means of whioh these holes can be accurately drilled out. 



EXBB0I8E8. 

DaAimrci ExsRoms. 

1. Show two views of the handle in Figs. 318 and 319, making d of the square hole )". Soalo fall size. 

2. Set out the handle in Fig. 320 to fit a square end whose d is f, 

3. Make drawings of the tightening handle. Figs. 312 and 313, making $ 40°. 

4. Draw the two views of the star-hall handle. Figs. 314 and 315, full siie. 

5. Draw plan and elevation of the capstan hietndle, Figs. 316 and 317. 

Skstohihg Ezsboisbs. 

6. Sketch (a) a handle suitable for a brake lever, the neatest and cheapest form vou are acquainted with ; (6) a handle suitable for a stop valve. 

7. Sketch a machine handle of the form shown in Figs. 310 and 311. What is tne use of the ball end? 
8 Make a sketdi of a handle suitable for the feed sorewB of a slide-reet. 
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PIPES AND PIPE CONNECTIONS 

Pipes used by the eDgineer for the conveyance of steam, water, gas, oil, and other fluids, are made of various metals, including 
ateel, wrought iron, caat iron, and copper. Tlie most suitable material to make pipes of for carrying a particular fluid is decided 
by taking into consideration such points as cost of production, deterioration, liability to fail, possible result of such failure, nature 
of the fluid, and its pressure and velocity. But these matters, or at least some of them, can be best t<:>uched upon as we expl*^ 
the kinds of pipes and joints in common use. 

Steam Pipes and Joints. 

135. Cast-iron Steam-Pipes. — The accuracy^ ease, and certainty with which flanges can be cast with the pipe, and faced and 

fitted together to form sound joints, and their compamtively low cost, have led engineers in the i>a3t to almost universally make 

use of them for the conveyance of steam ; but in recent years pressures have been creeping up, and with them the thickness aifo 

weight of these pipes, which have made their disadvantages more apparent, and at each stoppage when in use there is much loss ifl 



ORDINARY FLANGE JOINT 



PIPES THIGHENED 
NEAR FLANGE 



FLANGE STRENGTHENED 

BY STIFFEN ERS 

k-T^ 



.^A 




^^^ ^mi 



^^.1 



l**t+f 




Fifi.821. 



Fm. S22. 



Fib, S2S. 



re-heating. Moreover, the metal being brittle, it is more liable than other available materials to fail from shock, particularly 
that line to water*hammer action, and for these reasons cast iron i^ not u^ed for pressures of over 90, or at the outaide 100 T 
per squall inch above atmosphere. Fig. 321 shows the ordinary faced flanged juint.* The bolts used have a good deal of st 

^ For piirticulan of the standardised proportiacta of fluQgea, refer to the anthor'A '^ Afftohine Design, eto./^ p. 201. 
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in excess of what is required to resist the internal prossure on a section of the pipe, as they have to maintain a stifficient 
compression to keep the packing tight and to take the load which may come npon them due to the bending of the pipe l>etween 
its supports. Their minimum diameter is i", used for pipes under 1" diameter, and the sizes inci^^ase with the hores to If" 
for 24" bore, and, their maximum distance apart, centre to centre, is about seven or eight diameters. Fig, 322 shows how, 
for somewhat higher pi*esaures, the metal of tlie pipe near the flange is thickened to strengthen the connection with it. 
Kg, 323 shows how the flanges for the highest pressures and largest sizes are still further strengthened by stiffeaers between 
the bolts. 

136. Copper Pipes, etc. — The ductility of copper and the ease with which it can be bent or set to any required form, 
have led to its being largely used for feed and drain pipes for every class of steam engine, and tor steam pipes also in marine 
practice. Solid drawn copper pipes are to be had up to about 4" in diameter, but their uniformity in sti^ogth and thickness 
cannot be absolutely depended upon; larger pipes are made from plates Ijent to shape and brazed, the flanges being of 
n-metal of the shape shown in Fig. 324 for small sizes and low pressures, llie hole in the flange is slightly countersunk, 
taking a recess for the spelter one 

COPPER PIPE 

WITH 

STRONGER FLANGES 



ORDINARY COPPER 

PIPE WITH 

QUN METAL FLANGES 



COPPER PIPE 
WITH BRAZED AND 
RIVETED FLANGES 



COPPER Pt PES WITH 
LOOSE FLAPtOESOF 
STEELOR WROUGHT IRON 






Fro. 324. 



Fro. S25. 



Fro. S20. 



Fio. 327. 



oa the inner side, and the end of 

the pipe is swelled to fit tlie other 

ride before the flange is brazed on. 

Rg. 325 shows the flange with a 

strengthening ring B, which gives the 

flange a better hold, and Fig, 326 

shows how copper pipes of 12" diameter 

^d over are fitted with flanges by 

rifetittgf and brazing. Many disastrous 

plosions of brazed pipes have hap- 

pfined, and this has led to the practice of fitting important pipes with hands brazed round at sliort intervals, the joints of 

^hich are arranged to miss that of the body of the pipe. In Fig. 327 is shown a joint with loose flanges used for mther 

W pressures ; the steel or wrought-ii'on flanges, if solid, are placed loosely on the solid drawn pipe, which is afterwai'da flanged 

^y^T, as shown, or the flanges are made in two or more pieces with overlapping joints* In Pojie's flanged joints, angle 

^gs are brazed on the pijjes against which the loose flanges are fitted. But iron or steel flanges must not be brazed on to 

^Pr>er pipes, or gnu-metal flanges on to iron or steel pipes, on account of tiieir different coefficients of expansion. 

137, Wrought-iron and Steel Pipes, etc, — Fig, 328 shows the simplest form of joint for vn'ought-iron pipes. The ends of 
'he pipes are prepared (or flanged) liy working or forming a plain flange, but as tliis operation sliglitly reduces the thickness 
^^ the flange, and the amount taken oft' in facing still further reduces it, the joint becomes deflcieut. in rigidity and may prove 
l^ky under any but low pressures. In Fig, ^29 is shown a joint formed hj solid drawn pip&s with electrically welded 
^•Bjei, which make a capital job, with ail the good points of cast-iron pipes with the exception of cost, which af prt.^cnt is 
^mewhat high, luit thi? ductility of tlie material nuxkes it much superior in safety to the latter. Fig. 330 shows an excellent 
i^kt; the pipe (up to 6" diameter) is solid drawn mild steel, and the cast- steel flanges are scitswed on and faced. For sizes over 
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12" the pipes aro often welded and fitted with riveted flanges, as in Fi^% 331 ; a cnver stiij) is often fixed over 
joint of the pipe on the outside as a safeguard, hut to lie of any real use these should he ao proportii^nied and fi 
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VJV//J//A pViNVVS!^ 



1 








Fio. 328. 



Fig. 329. 



Fig. 330. 



Fio. 331. 



Fio. 332. 



they would hold tlie pipe together indepemlently of the weld. Fig. 332 shows an admiralde Joint suitable for very high 
the flangeB of rolled steel are shrunk on the j>ipes of solid ilrawn steel, a short length of the latter left projectin 
out or peened to expand it over the rounded corner of the flange. The flanges are then faced with a spigot on 
correspondin;^^ recess in the other, so that the packing may not he blown ont,^ and the position of the packing is 
it stops leakage between the Hanges, also between pipe and flange. 

138. Circumferential '^ (or Longitudinal) Strength of Tliiii Pipes, Boilers, or other Cylindrical VcBBels (subjected to internal 
or strength to resist rupture along lines parallel to the axis. 

Let D == internal diameter of pipe or cylindrical boiler in inches. 

P = working pressure of steam (or other fluid) in lbs. per square inch, 
ft = ultimate strengtli of material in lbs. per square inch, 
F, = factor of safety. 
jj = efficiency of joints, if any. 
t = thickness of the metal. 

Now, let us examine the coudition of equilibrium of any section of a cylinrler of V hreadtli ma<le by a diametral 
The total Buid pressure acting vertically upwards will he I'D, and this is balanced hj the resistance to rupture of the 
and B, represented by 2(/"(. Hence — 

rD-2y/, 

Or, Ibi working conditions, taking account of the joints — 

PDF. ^2tf:fi 

And the following example gives an application of the equation. 

139, Example. — The internal diameter of a steel steam p]i>e, double riveted, is 24'', the efficiency of the joi 

^ But, on the other haiid, the yl^ma linve to lie fi^rocii apart wlitrn being repftiitKl or taken down. 

' For tttriruglh of riug jtjiDtH, at tfatiiverfu Bljen^ith, uiid ttrtut'i^ of ejiLtrical "ve*ii*l«. refer to ftotLor*6 '"Machine Peaign, Construction and Dmving 
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^er cent., the factor of safety 6, Rteam pressure 140, and the ulfcimate strength of the pktea 28 tons per square inch 
liat should the thickness of the plates be ? 

By Eq, 33, PDF. = 2tf,n 

tTherefoi^, by transposition 
, PDF, 140 X 24 X 6 



i =: 



2 X 28 X 2240 X 



= 0*229'' 



I (\ 



ay, i = ^^ 

140. Steam-Tubing and Fittings.— A great deal of the small pipework (3" and leas) about a steam plant, both for water 
od steam, nsually consists of wrought-iron steam tnbiug, the pipe connections in common use being shown in Figs. 333 to 
38, which speak for themseives. The joints are made with 



P I PE CO N N ECT IONS ( wrought i ron j 

BULGED SOCKrr ORDIHARY SOCKET HtJCAGOMAL aOCKCT 



thick point of red lead and oil, the pipe being screwed 
i^ell honie into each tittin<,^ Although the pipes are easily 
•ent and set wlien hot to any desired form, satisfactory jobs 
f6e from serious flatteuing of sectiuus at bends, leaky joints, 
'Hd other defeats can only be turned out by men who have 
^ad a good deal of experience in anch work. The Nipple 
'OMection, Fig. 336, can only be used when the reduction in 
be fiize of the hole due to the nipple is of no consequence. 
D the Perkin's Joint, Fig; 337, the socket is screwed right- and left-handed, and one pipe-end is cmiical inside and out, forming 



3-B 




FiQ, 333. 



Fm. 3M. 



FiQ, 335. 



NIPPLE CONNECTION 



PERKINS JOINT 



PERKIN'SJOINTWITH 
COPPER WASHER 




Fio, 33*;. l^^a. 337. Fm. 338, 

Barp edge, which, when forced on to the flat end of the other pipe by screwing up the socket or coupler, forms a perfect 
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SPECIAL JOINTS. 



LENS JOINT. 



UNION JOINT. 



metal-io-mutid joint, through which nothing can escape.^ Fig. 338 shows a modification of fche joint, used when the joint is 
so awkwardly placed that a large pair of tongs cannot be used to pull it up. A flat soft copper washer is placed between 
the two pipe-ends (which are io this case both coned), and verj^ little turning elTort on the socket makes the joint, 

141, Jointing.— Steam flanges are jointed with either asbestos board, rubber asbestos, mre gauze and red lead, corrugated 
copper rings, veiT thin (not over ^\/') washers of indiaruhber, lenticular packing,^ rings of small lead wire, or striog smeared 
with red lead. But steam pipes, subjected tu great variations of temperatures as they are when superheated steam is used, aie 

most difficult to keep tight, and the joints for these are often made 
without packing, the faces being scraped true and smeared with od,^ 

Higli-pressure water pipes are usually jointed with rubba* 
insertion, containing fine wire gauze, but nnfaced flanges for water 
l»ip€s are jointed by bolting between them a wrought-iron ring, 
wound with rope covered with red lead or tar, the space between 
flanges being tightly caulked with ii^on borings U\ form a rust joint, 

142. Special Joints.— ^A convenient forai of flexible joint, capable 
of adjusting itself to a small change in the relative positions of 
the two pipes, is shown in Fig, 339 ; it is called the Lens Joint The 
ring has spheiical surfaces, and is made of gim-uietal. 

Fig. 340 shows one form of a union joint made of brass aod 
used for small (usually |" and under) brass and copper pipes* wher^ 
it may be necessary to frequently make and break the joint ; the figure should speak for itself. 

143. ITse of Expansion Joints. — In arranging steam or hot- water pipes tlie greatest caie must l>^ 

taken, particularly with the former, to provide for the alterations of length and form due to varyii^f 

temperatures, without allowing the pipes and fittings to be subjected to any but the smaller' 

The amount of expansion per foot run can be readily calculated from th^ 

TABLE 4. — Exj'ANSius Coefficients for Fu'e Mktalh (Kempe). 





Fia. 340. 



Fio- 339, 



following table, due to Kempe :— 



straining actions.* 



Metal. 



Cast iron . . 
Bteel . . . 
Wrou«flit iron 



Coefficient 

0'0(I00(IG18 
OiXKKKMSOU 
000000656 



Tested betiieen 

32^-212° F. 
32'^-212'^ F. 
320^212" l\ 



MeUt. 



Wrought iron . 
Copper . , . 
Copper . . . 



Co«l!1cienU 

O'0O0lXmj)5 
000000955 
000001092 



TtBt«d l)etwe«0 



32°-572^ F. 
32^-212'^ F. 
32=^-572^ F. 



J 



' The atiiliyr, in toeting pipea fitted with BUoh joitiis^ "hm ofton, ui prosaurea of some -1000 or oOOO lbts« per aq. inch, aqneeced wati^r through tliu pores of the metiU 
whilst tli& joints h&ve remained tight. 

■-' TtikLii^ the form of un auntiluB of »aft oupper, lumaHy miide bj cutting rings from thick BoUd drawn C4»pper pipes, the sections of theriugs being grooved in vnrioctf 
yWftjrs, ao that the elmrp edgea wlieu in ot^ntuct with tlie flanfice hii»C6 easily mako a metal-to-metul joint. Borne tirma* Buch as the Combinntiou Metallic Pticking Co»t 
nuke a speeiality of these, and ut^x^k a variety of seotions and nixee ; but thiii type of pocking ehoTild only be nsed when the fiangea are very strong and rigid* 
' Thiti is the beat pructice for very high-presHiire steam pipes, 
* Tlio copper t^xhauat pipes for petTol engines are frequently made with sharp elbows, where they should be arranged with easy bends. 
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Thus, with steam at 240 lbs. |^>er sq. inch, with a range of teoif^eratui^. from 32'' to nearly 380^ F., the expansion per 100' would 
be, for cast iron or steel, 0000006 X 380 X 12 X 100 = 2756", say 3". In some cases tlie range may be, for pipes iHjyond the 
superheater, some 600^ F, Then, with wrought-iron pipes ( taking the cr^efficieot at 000009) we gefc 0^000009 x 600 x 12 x 100 
= 6'48'\ say 6|'' expansion (above the length when cold) per 100', 

It is usual in good boiler practice to make the branch pipes (which connect the boiler stop valves to the main steam-pipe), 
at least 12' long, to give the oecessary relief. 

144, Pipe Haagers and Beat ere. — Fig. 341 shows a simple way that heavy pipes ai-e sometimes supported in, which is 
obviously defective, as any movement of the pipe in the direction of its length would probably cause the clip to heel on on© 
of itB supports, and slightly lift the pipe out of position. The hanger sliould be fitted with a roller^ as shown in Figs. 341a to 



DEFECTIVE SUPPORT. 



PIPE HANGERS AND BEARERS. 

EFFICIENT SUPFOftT. GROUND ROLLER SUPPORTS OR BEARERS, 





Fro. 341a Fio. 34 2e. 



Fio. 341. 



Fio. a4U. 



Fio. MlF. 



^U:. Steam pipes should not rest on the ground, but be supported at suitable intervals by cast-iron roller-bearing blocks resting 
^^ a bed of eonerete or stone, as shown in Figs. 341 D and 341e, or if some distance from the ground, by a roller standard^ Fig. 341i!\ 
146. Expansion Joints, etc. — ^We have explained under what conditions expan.sion joints become necessary, and we have in 
%. 342 a length of copper pipe (or of lap-welded or weldless steel pipe, %vith riveted flanges) bent into the form of a hoi'seshoe, 
^hich may take the place of a short length in a pipe ; it offers little resistance to the ends A and B being moved closer together or 
^^rther apart, by expansion and contraction. Fig. 342a shows a Imp arranged for the same purpose ; but these expansion joints are only 
reliable when they are very little stressed by such straining actions, particularly when made of copper, as that metal has a low 
clwtic limit, and less spring than wrought iron or mild steeL The same remarks apply to the cujihioii expansimi joint shown in 
Fig- 342 b, and also to the Ciirruf/alrd fxpathnon joints Fig. 3-^2c (which is a development of the latter); these C4in only be safely used to 
serve very short lengths of pipe that for some reason or other have to be straight The difficulty with these joints is that there is 
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sure to be some one puit or corrugation that is a little weaker to resist compreasion or tenaiou tlian the others, with the remilt tlwt it 
takes lip all the work, and the joint ulfcimately fails * at that part, and when two or more such joints ai-e used in one length of pipfi 



EXPANSIOn JOINTS. 



COPPER 
EXPANSION LOOP 



COPPER HORSE-SHOE 
EXPANSION JOINT. 



CORRUGATED COPPER 
EXPANSION JOINT. 





FlO, 'i42. 



Figs. U2a^ 342b. 



Fio, 3420. 



FiQ. S42i>.— MfusrB, Crruie & Cb.*s mnlieAble 
caet-iroii cxpfiUflion bi^nde. 



one joint alone may take up nearly the whole expansion ; for thia reaaon more than one such joint per length of pipe should never ^ 
used. The battery of expansion bends shown in Fig. 342d, is manufactured by Messrs. Cratie & Co. The three liends have a t^^* 
sectional area about eriual to that of the main pipe/^ their smaller diameter criving greater iiexilulity. On the whole, perhaps by ^^ 
the most satisfactory expaosion joint is the well-known g^land and stuffing-box arrangement shown in Fig, 343, which should alw^?^ 
be fitted with guard-bolte A, B, to prevent the two parU being bhjwn apart, should any movement of either end of the pipe t^^*^ 
place. The^e bolts sometimes are also used as studs for the stufifing box. When the skin of east iron is removed by machining, ^^^ 
metal quickly oxidizes, so, to prevent rust joints being formed, the working surfaces in the best work are gun-metal, the parts W^^ 
hushed and sheathed, as shown in Fig, 343, 

146a. Drawing ExerciBe.— Fig. 343. Draw the sectional elevation. A plan and two eud elevations. Scale, half fal^' 
size. 

146. British Standard Pipe Threada.— The Engineering Standards Committee have recommended that the Whitworth thre^^ 
(Art. 117) sliould be eui ployed for all iron or steel tubes and cmtplers or sockets; also for tubes made frotji copper, brass, or simil^ 
metal, and for these latter materials where the outside diameters ngree, and the thickness of the metal permit, the same pitrhcji ^ 
adopted. The committee has formulated full pai'ticulars of pipe threads for nominal lores of y to 18", which are now known as tl*^ 

' llic autbor gave tlie^e joitite (the comxgated ones) ft trial some yearg agro, but they were bo ansattafeotory tliftt lie liud to replace tbem by joint* of Ihe j^laod •^ 
ntufliug-bo^^ type. 

' Refer lo author's "Macliiiie Deei^m, CoDBtruction and Diawiug/* footflOte, p. lii(j, 
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(fi standard in pt Ihrauh} and this staudardizalian will doubtless Ije giTatly appreciated by all who have to do witli pipe thi-eads 
[>lii vai'ious manufacturt3r8. Table 5 gives a few ca-dinary particulars relating to pipe tlireads. 

GLAND & STUFFING-BOX EXPANSION JOINT. 




Fig. 343. 
k^T)ort issued by the ( :<Hijniiitee c^jiitains Ibeir rtcummuntlftlii>Da, unci a krge amount of valu»ble iofonnation rolutiug U> Iheeo sorcw tbreads, in addition to 
It i« publisbiid by Jlessre. C'rotsby LockwiX)d k St>B^ at tn, (kj. net. 
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TABLE 6.— Pipe Threads. 
The Hamb«r «f Thread* per Ineli have not been altered by the Slandard Oominittee. They are at followi :— 



Nominal bore of tube. 


Number of threads 
per inch. 


Nominal bore of tube. ^'^^rS^ch'^ 


i" and 4" 


28 
19 
14 


l"to 6" 1 11 

7" to 10" ; 10 

11" to 18" 1 8 



The borea advance by J" from J" to J", by \" from 1" to 4", by 1" from 4" to 6", and by inohea from 6" to 18" 



Diameten of Screwed Part, Oore, and of Black Tube. 



Nominal 
bore of tube. 



In;». 

I 



Approximate 

outside 

diameter. 

Black tube. 



Diameter top 
of thread. 



Ins. 
0-383 
0-518 
0-656 
0-825 
0-902 
1-041 
1-189 
1-309 



Diameter of core. 



Ins. 
0-337 
0-451 
0-589 
0-734 
0-811 
0-950 
1-098 
1-193 



Nomioal 
bore of tube. 



Ins. 

n 
ll 
ll 

2 

It 
f 



Approiimate 

outside 

diameter. 

Black lube. 



Diameter top 
of thread. 



Diameter of core. 



Ins. 
1-650 
1-882 
2-116 
2-347 
2-587 
2-960 
3-210 
3-460 



Ins. 

1-534 
1-766 
2-000 
2-231 
2-471 
2-844 
3094 
3-344 



147. Spigpot and Socket Joints. — Cast-iroii pipes, used for the conveyance of low-pressure water or gas, which have to 
embedded in the ground, are connected by spigot and socket joints, which have a certain amount of flexibility at the joints, allowi 
the pipe to accommodate itself to slight settlements of the earth. The proportions and details somewhat differ, but Fig. 344 show 
typical example of the joint for cast-iron pipes as used by Mr. Bateman at the Glasgow Waterworks, and his proportions for vari< 
sizes are shown in Table 6. The joint is made by first driving a few coils of g^asket or yarn into the socket and then filling i 
remaining space with lead, which is done by putting a clay band round the outside of the socket and running in the molten le 
which, when cold enough, is caulked or stemmed tightly into the socket, and the clay is removed. The socket is sometimes groov 
as at 6, Fig. 345, to better prevent the lead being blown out. Fig. 344a shows a form of turned and bored spigot and socket joi 
the taper of the bored part is .}/ P®^ ^^^^ ^^ length ; the joint is made fluid tight by painting the turned parts with red lead 
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iquid Portland cement before putting them together with a blow or two to drive the spigot home. The socket is then filled up with 
ement, as shown. 

TABLE 6.— Proportions or (Lead) Spigot and Socket Joint. Bateman. (Fig. 344.) 



Bore in 
inches. 



2 
3 
4 
5 
6 
7 
8 
9 

12 
15 
18 
20 
24 
33 



Length of 
each pipe-ft 



6 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
12 
12 



3 
3 
3 
3 

4 
4 



4i 
5i 



3 

3J 

4 

4 

4 

4i 

41 

t* 

6 



1 
U 

lA to lA 



1 

1 tolj 



TABLE 7. — Turned and Bored Spigot and Socket Joint. (Fig. 344a). 



Bore in I Length of 
inches. | each pipe-ft. 



2 
3 
4 
5 
C 
7 
8 
9 
12 



3 
3 
3 

3* 

si 

H 
4" 
4 
4i 




But recent practice favours a shorter turned part, as shown in Fig. 346, its length being some ^' to J", which much 
tie flexibility of the joint. 



increases 
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148. Joints for Hydraulic Pipes. — Many years ago the late Lord Armstrong introduced the simple and efficient joint. Figs. 347 
and 348, for high-pressure water pipes, and it is now generally used for hydraulic mains. Fig. 349 shows in detail how the joint is 

SPIGOT AND SOCKET JOINTS. 



OROrNARY SOCKET & SPIGOT 
JOINT, MADE WITH LEAD 



TURNED & BORED SPIGOT & 
SOOKET JOINT, MADE WITH CEMENT 




D 







Fig. 344. 



Fig. 344a. 



LEAD JOINT. 
SOCKET GROOVED 



TURNED a BORED, SHORT 
FLEXIBLE JOINT 



formed. The empirical proportions of the ordinary cast-iron pipe joint in terms of t and d generally used are shown on Figs. 347 
and 349. The practice of some engineers is to make the face ab of the flange flush, which enables the joint to slightly yield under 

a lateral load. The usual practice is to subject the metal of 
the pipe to a working stress of 2800 lbs. per sq. inch, and the 
bolts at the core section to 7700 lbs. per sq. inch, allowing an 
extra thickness l- = }" for corrosion, inequalities of the casting, 
etc., of the former. 

But we have seen (Eq. 32, Art. 138) that for a thin * cylin- 
drical vessel subjected to internal pressure, we have PD = 2tA 

PD 

or ^ = -^. Then for, say, a 5" pipe, and P = 700 lbs. per sq. 

inch, the thickness — 




Fig. 845. 



Fig. 340). 
700 X 5 



And the above is equivalent to the simple rvJe of ^ = — -f |" for a pressure of 700 and a stress of 2800 lbs. per sq. inch. 

^ Strictly speaking, these pipes could hardly be called thin cylinders, but it is usual to consider them so for this purpose, and any error due to ihia is well oorered 
by the ]{' allowed. 



ARMSTRONGS HYDRAULIC PIPE JOINT. 








FiQ. 347. 




HYDRAULIC 
UNION 



Fig. 848. 

HYDRAULIC UNION 
FOR COPPER PIPES. 




FiG. 3il». 



Fig, 350, 



Fio. 35K 




gelYy*' 








^Gr^nsWrse Sect\oaa\ EJevafforz. 



Fro 35 



Fio. 355. 



copper. 



BODY OF STEAM STOP VALVE (Drawing Exercise). 
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Figs. 350 and 351 show two forms of Hydraulic Union Joint, the packing rings Ijeing either of leather, giitta-percha, or soft 

149. Hydiaulic Stop Valves (Drawing Eier* 
cise).— Two sectional views of an IJ" hydraulic 
stop valve * are shown in Figs. 352 and 353, 

IniUnctioni.— Make Ml-»iie aepiirate ecule drawing? of its 
foltuwing detftik, showing tit least two views of each m', 
Xiit U, glnml C, boah D, seatiiit: E, und cap F. 

15Q. Another Brawing Exercise. — ^Figs. 35 
and :»5r> are two sectional views of a 7" hydrwito 
stop valve, which, as will be seen, is suun^what 
mure eamplicated, being arranged for leather pack- 
ing, but the details are so fully dimensioned that 
an ajit sludont shimM experience no difliculty m 
drawing the two views and adding a plan. Scale, 
one-quarter full size. 

151. Steam Stop Valve, Body of ( Drawing Exer- 
cise).— Three dimensioned views of the body of" 
steam sti)p valve ^^ are shown in Fig. 355a. 

Instfiicuoni. — Set out tlie views to a softl^ of foil «* 
Advauced Btu:den1« nliould be able to complete the vaUe H 
tittiiig: it with a baitablc «piudle, gland, Ijiind wheel, ©tc. 

162. Steam Eqnilihrium Admission Valve (Dta^ 

iug Exercise)*— In Fig. oSTai we have two a^ctioiiftl 

views of a steam equilibrium admission valve, wliicii 

were given in the 1907, Stage 2, B. of E. paper. Students were supplied with the follnwing:— 

laatmotiona. — (n) Umw a jnirt Beetionul clevalioii of Ihft Htniliiig-box cover and the valve sedating, kxAin? 
in the diroiliori indiot<tod by the nriow K. Tlie iwirt of the elevatiOB to the left of the centre lino ib to b^ * 
Bcctiou tihjtj','^ I ICi , and tho part t^^ the rjgjit an extcmtd ele?atioii of the valve aeatiog and cover. The vab'' 
and tho uulor engine,' ute tn be omitted In ihm view. 

(?j) Draw a part set^tional jdan, the part jtlH"jve the Imrizontal contro line ib lo be a liorizootjil soi'tion of tli^ 
valve and seating tlirongh KF, and the part below a plan of tho covfr. The out*?r eating is Rgain to l>e omitt'Ml 

Scale I fnll aize. 

Neither dotted lineH nor dimensions need bo shown. 

N,B.— lake the vertical centre line in the tiirection of the longer dimension of your drawing papef. 
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Fto. 355a. 



' This drawing example was given in tlio B. of E. Exam, Stage 1, 1907. It ii arranged fen heap *^^ 
asbeitofi packing. 

^ In the 1907 C. G. Exam, in ^lecbanical i!:B4aneering pattern-makers were oftked to make a piti^ 
of thi« valve. ~ 



STEAM EQUILIBRIUM ADMISSION VALVE (Drawing Exercise). 
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153. Thick Cyluider Caating^s. — Wlien a casting is cooling from ita molten condition the heat pasRes ont in the most direct wn 
that ia, in a direction nnrmal to ilie surface, as shown in the sections of solid iind hollow culnmns, A and B, Fig, 357, and tl 
crystals of the metal (a group of which is shown in Fig. 3o(i) arrange themselves in that direction,* so that when two coolii 
surfaces are at right angle-s to each other, as at C, Fig* 357, and the passage of heat is equally vapid in hoth directions, ao1idificati< 
occurs in such a way that confused crystalliisaiion results, and a line XY of weakness ^ is produced hiaecting the angle, whilst ia 
and B the lines of crystallization all radiate from the centre, an^l no interference occurs. The section A (Fig. 358) ia a variation 
C (Fig. 357), and B is a representative ease where sharp angles give lines of %veakness, C showing liow the use of filleti and roundii 
the corners results in a satisfactory casting. The first very large liydraulir j>resses were made to raise the gigantic tuhes uf U 

THICK CYLINDER CASTINGS. 




FiQ. 356. 




B 

Fig. 357. 



Britannia and Conway tubular hridges, the form of the bottom ends of the presses being that shown in the figure D (Fig. 358)» ba! 
to the astonishment of the engineei's, the VH:»ttonis came uut» conical in form, the fracture occurring at RS and TU. The same thiD 
occurring when they were made thicker, Mr Edwin Clerk '^ decided to try the hemispherical form E of uniform thickness, wliic 
decision was based on a true knowledge of the cause of failure, and resulted in complete success. But this form is not alwav 
convenient in practice, so, as a compromise, the bottom at the inside is usually rounded as in A, Fig. 3rili, which shows a form tba 
answ^ers well When the cylinder is so long that a core liar must be passed through hs bottom to be suppnrted at that end, tk 
hole is bored and plugged with a slightly tapered plug driven from the inside as in B, Fig. 359. For cylinders over about 12 
diameter a back plate and U-leather axe sometimes use<! with the plug, as sho^vn in C, Fig. 359, 

Tlie metal used in these castings must not only be strong and tougli enough for the purpose, hut it must also be of close 



of «}■ 



^ The molbeu nutal coming in contact with the mf>uUl i» c?ooled, utid f&nna ii thia lining to the mould, the inner Barface of which ciniPiflia of the tops of c , 
(bolong^ing^ to tho euhic Bystom) of the metiil in grotipH [irojeotiDg into iho boi'ly of tlii' molten metuUaod growing in size us cooltog &ti4 solidification proceed. At i^ 
■aiue time armnj^ini? tljemselvea m that their loii'^ei diinen«inii ia at right uiiglea to tlie cooling aurftice. For thia reaaoii caulingB (particuhirly iron oni*») ulivaya hftT 
or ahonld have* n round nr Mifilfet at the cornt^rs or singles. 

• Thm weaknei^a is* appart ntly partly due to irregular crystal I iziit ion. ond partly to the anparation of the morc^ fusible conitituent* of the iron and their aceumoM 
in Ihiit part. 

' Mr. Eilwin Clerk and hii brother Latimer (two of tbo anthor'B old cbiefi)) were rcaidcnt eugineurs for the bridges under Robert Stephenson, the I 
afterwards 1>eooming «o fumooi iu connection with bla eonftl lifts and floating dockn. 




le water will ooze tlirou;,^h it wiieu under great pi^essures.* And to ensure tbe castings being sound those cylindei-s are always 
with a head of subsUutial volume on the uppermost end^ in the mould, so as to produce a sufficient fluid pressure on the metal 

lie mould, and cause the metal to remain fluid long enough to exert this pressore till solidification of the casting occura. 
154, Faults in Beaigning Cylinders, etc.^-When the boiler- 



PIPES AND PIPK CONNECTIONS 
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ler cuts a manhole in a boiler lie is careful to surround it with a 
[ plate of sufficient section to strengthen the ring of the boiler 
ise continuity has been destroyed by the cutting of the hole ; so 





A- 




r 



CORRECT 



rAULTY 
FORM 



4- 





FAULTY 



CORRECT 



B^io. 360.— Uflo of sU^ngltiefUBg boa. 



Fio. 36L— Thick partitioo. 



pUnder design, wherever a pipe connection is to be made to a cylinder, a boss A, Fig, 360, must be provided to make good 
metal that has been cut away in drilling the hole, otherwise the cylinder will be materiallv weakened, as shown at B, 
. 360. 

A\^hen cylinders are cast together, tlie san^e want of skill is sometimes met with, the metal, t, between them 
ig made the same thickness as the cylinder C, Fig. 361, instead of bein^^ twice that thickness (as it should be), as shown 
D. For, obviously, when adjacent cylinders are simultaneously worked there is twice the circumferential tension at D that 
-lis at E 

EXERCISES. 



DESlflNlNQ, ETO. 

rhe length of a caBt-iron atoam pipe h 120', atid the working pressure IBU lbs. por &q. inch. How mtjch wUl it ©rpand in being heated from 32° 
K copper iteam pipe Vi workfd at im Iba. per iq. inch, tiud it has a leijc^th of m'\ How much wiU it oxpund iu boiuj,- hifated from 32^" VJ 
- ) o rough i»kotob design for a 6" Armstroiij? hydraulic jorat, presflure HUO Ibe. per aq. ioeh ; give the prinoipwl dimenaionfl. 



F.? 



Wlien this occurs, there is always thci p-a^ibility of the utrosa being iuLTu/iaeit in thu int43rnftl iavera, owing to the pr^a«nce of the preesore water, and rnptnre ol 

[may hap}»en at a pressure ttL-nsiljly below tbe one it wua dtsigiicd for. A alight leakage will often take-up (or ruat-up) after a few dava by rusting of the jtoreg. 
ii It uiually the bottom end of tho eylindera. a « i\ t/ . j 



1S4 



MACHINE DRAWING AND DESIGN FOR BEGINNERS 



SkETOHINQ EXEB018B8. 



4. Sketch in fairly good proportion three examples of caat-iron flanged joints for steam pipes. 

5. Show by sketches three examples of how copper steam pipes arc fitted with gan-mctal flanges. 

6. Show by sketches (a) a mild-steel solid drawn pipe with cast-steel flanges ; (&) a welded iron pipe with riveted flanges. 

7. Show by neat sketches the following joints used for tubing : ordinary socket, Perkin's, Perkin's joint with copper washer, and Emery's joint for oonneeting * 
steel tube to a gun-metal nozxle. 

8. Sketch the following : boiler tube and ferrule, boiler stay-tube with backnuts, boiler tube with Admiralty ferrule. What is about the ordinary diameter m 
thic kn ess of the last-mentioned tube? 

9. Show by sketches the usual form of union joint. Under what conditions of working are these joints used ? 

10. Sketch three different expansion joints suitable for steam pipes, and say which you would prefer, and why. 

11. Sketch an ordinary spigot and socket joint suitable for a cast-iron water pipe. Why is tlus type of joint most suitable for horizontal pipes ? 

12. Show by a sketch how you would form tlie bottom of a hydraulic cylinder so that there would be no danger of the bottom being forced out. In some osies u 
is neoessary to oast the cylinder with a hole through the bottom ; why is this ? Show how such holes are afterwards plugged up. 

18. Explain, with the assistance of sketches, some of the faults occasionally met with in the design of cylinder castings, particularly for hydraulic work. 

14. Why is it necessary to cast hydraulic cylinders with catting headu f Make sketches of the usual forms of heads, and say which you prefer, and why. 

Drawing Exsboises. 

15. Make working drawings of a spigot and socket joint, made with lead, for a 6" pipe. Fig. 844. ' 

16. Ifake sections elevation and end view of a turned and bored spigot and socket joint for an 8" cast-iron pipe. Fig. 846. 

17. Make a sectional elevation, and a sectional end elevatioD, of an Armstrong hydraulic pipe joint for a pressure of 700 lbs. ])er sq. inch, and diameter 4". ^^ 
should diow the deitdl of the Joint full size. The other views half full size. Note.— The information given in Art. 148 will enable you to easily determine the 
leading dimensions. 

18. Make a sectional elevation, plan, and sectional end elevation of a gland and stuffing-box expansion joint for a 6" steam pipe. Scale half full size. (Befer to 
Fig. 441.) 



CHAPTER XV 

COTTERS AND COTTERED JOINTS 

^66. When two rods are to be rigidly connected one to the other in such a way as to transmit a force in the direction of their 
ength only, the most convenient joint for the purpose is the Cottered or Keyed joint, one form of which is shown in Figs. 362 and 
^63, where the end of the rod B takes the form of a socket or box, into which the end of the rod A fits and is held in position, by the 
%tter C, a taper or wedge-like flat bar, which is driven through the socket and rod. The joint, as arranged in the figures, is a type 
^uitable for connecting round bars to form a long pump rod for a well or mine, or some such purpose ; but we shall see directly how 
^t can be varied and adapted to the requirements of a number of interesting cases, and of these the best known is the joint which is 
^ed to connect the piston rod to the cross head of an engine. Fig. 367. 

It can be shown ^ that when the joint (Figs. 362 and 363) is in tension its various parts will have practically the same strength 
^hen their proportions are as follows : — 



di = l'21d 


d = 0-82^2 


b = l-31d 


'=t 


I = l^ = from 0'75rf to d 


Da = l-4d 



Proportions of Cottered Joints for Uniform Strength. 

Ua = l-75rf 
D = 2-42rf 

h = 0-42^ 

156. Clearance of Cotters. — An important feature of the cottered joint is the clearance. Obviously, if the cotter in Fig. 362 is to 
draw the rod end A into the socket of B, there must be some clearance at m and p in the socket to allow the cotter in being driven 
to enter further into the socket, and there must be the same amount of clearance in the rod at K. In this type of joint the cotter 
^hen fitted is driven home, and tlie clearance is usually from i\." to i", 

167. Taper of Cotters. — Now, it is not diflBcult to prove that with surfaces slightly greasy the total taper ^ must not c^:ceed 9°, if 
he cotter is not to slip back after being driven into the joint. This corresponds to a total taper or draught ^ of 1 in 7. But of 



» For proofs refer to author's " MacliiDe Design, etc.," 
« Unwin's ** Machine Design,'* vol. i. p. 219. 



p. 225. 



' This draught is the trigonometrical tangent of the aogle of taper, when one side of the cotter is square with the bar, as in Fig. 379, or twice the tangent of half 
le angle when the colter is tapered both sides, as in Fig. 380. 
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COTTERED JOINT FOR TENSION AND 
COMPRESSION RODS. 



course, for sufety's sake, the taper is made a good deal less than this, usually about ' '' to the foot to i" to the foot. But when any 
special arrangement for keeping the cotter from slacking is made, its taper may l>e 08 large as the 1 in 7. 

158. Proportion! and Strength of Cottered Jointft. — The 
young designer has, in these joints, good opportunities of 
proportioning the parts from suitable data; indeed, a littk 
time could bu most profitably spent in that way,* although 
in actual prttctiee the empirical proportions we shall directly 
refer to are largely made use of, hut even these, from aa 
examination of several examples lYom ordinary good practice* 
seem to vary more than they should. 

Of course, in calculating the dimensions in a given joint 
the nearest ,V/' i'^ always used, 

159. Varioius Cottered Joints.^Figs. 3G4 to 382 show repre- 
sentative examples of cottered joints, with the proportions iii 
general use. Figs. 304 and SBn show two views of the bottom 
end of a wroughfc-iron standard cottered to a cast-iron bed 
plate, the unit l>eiug d, the diameter of the rod, in each case. 
Fig. 306 shows a low-piessure piston cottered to the rod of a 

tandem engine, d (the unit) being the mean diameter of the tajier part. In Fig. 367 the socket of a cross bead is thickened to give 
the requisite hearing surface for the cotter,^ and Fig. 368 ahows another aiTangement of a cottered standard. Fig. 309 shows a 
cottered juint arranged for thrust and tension, the proportions being suitable for wrought-iron rods and steel cotter. A modified 
fonn of this joint is shown in Fig. 370, the socket being reduced in tliameter below the part where the cotter bears upon it. The 
proportions are for all parts of wrought iron or steeL A simple cottered bolt is shown in Fig. 371 with the usual proportions. 
In Figs. 372, 373, and 374 we have two aiTangementa of foundation bolts and cast-iron washers;^ in each case the bolts may be 




Fia. 3B2, 



KitJ. 'MS. 



enlarged at the upper ends for the screwed part to a diameter d' e= 



d + 0;05" 



For other examples of foundation bolts, see Figs. 



288 to 290 (Art. 127). The Figs. 375 and 376 show a cottered joint used for rough bars, the unit being the side S of the square 
bars. Fig. 377 shows a stud or bolt cottered in a casting, the hole usually being a cored one. 

160. tJae of a Gib.— Fig, 378 shows what would happen if a cotter AD wat? driven to draw the strap CB on to the rod EF. The 
friction between the cotter and strap at H would cause the latter to be sprung away, as shown dotted at B. To prevent this a gib 
G, Fig. 379, is used, but the hole in this case must bo parallel (unlike the one in Fig. 378, where it has the same taper as the cotter) 

' Ser the antbnr's ** ^facbiiie Deaifjn, ttc.'* {y. 225), fur ao exRmiiialion of tho strength to reaist variouH forma <if nipturo. 

* The end of the rcxl is sometimcB tapered (aa in Fig. 3i\6) both for piritoii rods ami viilve spiDilles, and, to facilitate Ihe withdrawal of the it>d» a small Iransreni 
liole through the frjcket may be driUtd bq Ibat a taf>er pin can be iiaed to wed^^e out the nA. 

* Wheu the ooitered eodn are roaud, ^i^ in thene cases, it is uaual to aii^t a mag or projection on the waaher to prtjvcni rotation of Um ooitei luid boU ia 




VARIOUS COTTERED BOLTS AND JOINTS. ETC. 

1^ 












Fio, 366.— 8twl riTd and 
cotter. CJ, pifltoD. 



FiQ. 367.— I'iatou rod and 
crofls tiaad. 



FiGB. 3U and 3t>5.— W.I. Btaodard ftnd C.l. bed plate. 




FlS. 368.— Rod anti eotter either 
both W.L ur »tecl. 




Fio. 36y.— W.I. rodi*, i»teel ootfcer. Fio. 370*— W.I. rods, steel cotter. Fia. 37h— Ck^ttews^.Va^Sss^, 
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and the taper given to the gib as at 3kIN. Two gibe are sometimes used, as in Fig. 380 ; the taper is then either equally di 
between them as shown, or only one gib need be tapered. 



FURTHER EXAMPLES OF THE USE OF COTTERS. 







4 



Fi6, 37:!.— Foadftikjo bolt Rnd FiM. 373, 374.— Foimdati<?n bolt. Rod and 
and eotter both either W.I. or rteeL ouiter both either W.I. or steel. 
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IS" 

I 



I ^e.i—i.'a H.-6^ I 
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Fioe. 875, 376.— Cottered joint 
for rough bars. 



j T^gfcsh 




Fig. 377.— Bolt 
cottered into casting. 




Fio. :f78.— O/ttfcr 
witbmit gib. 




Fig. 37*J.— Useof 
gib. 



Fig. 380.— Cotter 
with double gibe. 



Figs. 3«1, 382.— Gib and cotter 
with set-screw. 



COTTERS AND CX)TTERED JOINTS 
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EXERCISES. 

Dbawimo Ezeboues. 

1. Make working drawings of a oottered joint for a 8" round steel bar with steel cotter. It is to be suitable for a tensional and compressional condition of the bar, 
imd to be of the form shown in Fig. 370. Scale full size. 

2. Draw three views of a H" foundation bolt, with bottom end cottered and fitted with cast-iron washer (Figs. 878 and 374), both ends to be enlarged so that they 
^x^ equal in strength to the body of the bolt. Scale full size. 

3. Make suitable views of a cottered joint for rough 2" square bars. Scale full size (Figs. 875 and 876). 

4. The upper part of a machine is supported by four 8" wrought-iron round standard, cottered into a cast-iron bed plate. Set out a suitable joint showing two 
•ectional views (Figs, 864 and 865). 



Sretohino Exxboisks. 

5. Make a freehand sketch of a cottered joint suitable for connecting lengths of a long pump rod. 

6. Show by a sketch how a piston rod can be fixed to a piston by a cotter. 

7. Make a sketch of a piston rod cottered to a cross bead. 

8. Show by a sketch any application of a cotter with double gibs (Fig. 880). 

9. Sketch a bolt cottered into a casting. Under what circumstances would you use such a bolt? 
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PIN OR KNUCKLE JOINTS, PITCH CHAINS, ETC. 



16L Pin or knuckle joints are used (a) in structures, the pin connecting two or more bars or rods (suck as the members 
girder, suspension chain, or roof principal) whose axes intersect in the axis of the pin, a special form being the forked Iea 

and another important form the eye J 

1^ -'-^' 



sg3 





pension links; (h) in machinery, to « 
rods or |»arts so that one may have a 8 
movement aliout the other, the best lb 
this kind being the joint connectiog 
to the rod of an eccentric ; (e) for 
gearing and elevator chains.^ 

The following is an example of ( 
102. Forked Kimckle Joint— ^ 
this joint are shown in Figs. 383 an* - 
dotted pai'ts show how two other n 
S (usually split ones) ai^ also 6 
nected by the joint, the opening oj 



increased to aceomi 

of the joint in te 

may be as give 

joint will thej] ' 

either in teii 

could ill SOI] 

as we sha 

the same J 

strength^ 

when 

worn 



Fi08, 38S. 384.— Forked pin or knuckle joiut. 




rte them, 
the dian 
figures. 

thnr fh 



2KLE 



K JOim-S, PITCH CHAINS, ETC. 133 

i,,y - — n sprocket or chain wheeL Now, if we Imd a perfectly 

'>H KXiy^L'tt, • — •>«♦»! would be an invoiiiU^ of a circle, 

fi,;, . *'^ ''"/N'/H /»r»v.#j " ' •'*♦»'« diameter of a pin. 

"'•f' • tJw Bhwf^Z:* 1'' ""•«, 'f // ^ .1. '^" ' m the 



■ ^ "" ^.^^V''V|t^ , -h«el would be an mrot 
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FOR BEGIN 

wheo a pmHve f1Kve~w!lli no slip is required, and where ordinary gearing would be inconvement, have on 

years grasped. It fi'cquentlj happens that twr* .sliafts can be advantageooBly connected by a pitch chain, where their distance apart 

ARRANGEMENTS OF LINKS AND PIN 
FASTENINGS. 




Riveted. 
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MlfWn^tt UNIC CHAIN 





FiQfl, 391, 392.— Sin^-b aat-link gearing ohain. 



Kid. 800, 

U too •mall or their speed too alow to get an efficient trans- 

mtinioD hr MU ThtUj thU ffear or drive takes a sort of mid 

[*o«ition r>etween bolting and orrlinary gearing. The primary 

fkult U one that rather Bcriously affects the dui^ability of such 

drivui, as no matter how well fitted the ordinary chains are to 

the teoth of ilu^ 8|jn»cket wheelB on which they run, sooner or 

later the pit^^h of the chain becomes greater than that of the 

teeth on the wheelfl, causing them to work badly. However, 

AA we rthall HOC directly, efibrta are being made to overcome this ^^t^- ii'^i.— Double flat-liak geimtif^f chain. 

olijection* Ubviously, to reduce the trouble to a minimum the 

linka should be made as short as practicable. The simplest form of pitch chain is shown in Figs. 391 to 393, a similar one witli 

double links being shown in Fig, 394, but neither of these is fitted with rollers, as they are where the highest efficiency is required. 
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166. Ponn of the Wheel Teeih for Chains. — In Fig. 391 we have shown a sprocket or chain wheeL Now, if we had a perfectly 
Uxible chain, the path of any point in the chain (such as the centre of a pin) as it left the wheel would be an involute ^ of a circle, 
Jid the actual curve of the tooth would be formed by drawing a parallel to the involute, distant from it half the diameter of a pin. 
3at the links being solid, in most cases one pin P of a link (as the latter leaves the wheel) moves in an arc PQ about the centre M 
if its .other pin. So, to set out the teeth, first find the centres ac, MN, etc., of the pin positions round the wheel, which form the 
omers of a polygon whose sides equal in length the pitch of the chain, the number of sides of course being equal to the number of 
eeth. Then, with centres a and c and radius ac, describe arcs intersecting in 6 (these are the paths of the pin centres), and with the 

ame centres, radius equal to ^ — o> describe arcs intersecting in d, which give the sides of the teeth, and the teeth can be 

ompleted, as shown, by giving them a suitable lengtL 

EXERCISES. 

Dbsiqk AMD Drawing Ezeboisss. 

1 . Make working drawings of the knuckle joint (Figs. 383 and 384) for a 2" rod. 

2. Biake a working drawing of the end of a Basi>eii8ion link to take a load of twenty tons; the width of the link is 8". You may make use of the propor- 
yoB recommended by Berkley, and use a working tensile stress of five tons per square inch. What shear stress is the pin subjected to, and what crushing stress ? 

3. Draw two views of a 15-teeth sprocket wheel for a single fiat-link gearing chain, whose pins are {^" diameter, and whose links have a pitch of I". Figs. 391 
id 303. 

Sketohino Exbboisbs. 

4. Sketch three forms of eves for suspension links, and give their usual proportions in terms of the width of the links. 

5. Sketch a forked pin or knuckle joint. Figs. 388 and 38i. 

> See the author's ** Geometrical Drawing," p. 160. 
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187. The parts of a shaft, spindle, or rotatiug piece which are supported by the beaiiii*i;a are called Journals. The simplest form , 
of he^mrig is a cylindrical hole in the frame of the machine, such as is shown in Fig. 895, which is often met with in rough crane work, | 
We have in this case a Solid Bearint/, in the sense that it is not split, but in one pieco. When end movement of a shaft or spindle 
of a machine ^ is to be prevented by the bearing, the journal is usually fitted with aolid collars, as shown in Fig. 397, but of couise 
this necessitates making the hearing with a cap, as shown in Fig. 398. Solid cast-iron hearings, if of ample proportions and made of I 
hard tough cast iron, arc used in some classes of work with most satisfactory results, and with very little wear. And, should the 
wear become excessive, they can be restored and fitted with gun-metal buahes, but in tliLs case it is not always easy to bore them true 
to the original centres, so this is an additional reason for bushing them, as in Fig. 396^ although it adds to the first coat. 



TYPES OF BEARINGS- 



sintsa 




in two parts. 



Fkl 300.— Collar 
bearing. 



Fio. 1(>0.— TbruBt 
block. 



Via. 40 L— Footstep 
or too hmrin^. 



Fm. 402. -Aft* 
of bearlo j^. 



In each of the cases we have referrerl Uy the direction of tlic pressure on the bearing is perpendicular to the axis of the shaft. Bot 

two uther typical eases occur when the main pressure i^ ]>arallel to the axis. In the first, a Thrust Bearing either of the form 

Pig. 399, callevl Collar Bearing, or Fig, 400, with mure than one collai-, called a Thrust Block, is ustMl. In tli*i* second, we have the case 

of the vertical siiatt, where the end pressure is taken on what is called either a Footstep, Toe, or Pi?ot Bearing, in all of these caa«« 

K the direction of the pressure on the beaiing is indicated by an arrow in the figures. 

^t ^ Id the 0A«e of Line ebaftlng the end moYement i^ prevented bj jooee collara, aa shown in Figs. 8C and &5$. 
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168. Effective Area of a Bearing, — The total load or pressure any bearing will support is the product of the warking pressnre 
allowable per sq. inch, and the ^rrojcctcd arm, the projection being taken in the direction of the load, on a plane at right angles to it 

Thus, in the Footstep Bmrtt^, Fig. 401» the projection is a circle,* and the area of the bearing surface will therefore be I^^ t, and in 

the Tftnist Blocks Fig. 400, the area will be the sum of the areas of the collars, or A = jCI^i^ ^ D^)N, where N is the number of the 

collars. Then we have the important case of the ordinary HorizmUal Shaft, Fig. 395, and Fig. 402 shows the projection of the bearing 

W 
surface,^ its area being L x D, and this time the working pressure p equals the total load W, or ?' = , - jy 

VARIOUS BEARING ADJUSTMENTS. 




Fio. 403. 



Fig. 404. 



Fig. 405. 



Fig. 406. 



Fm. 407. 



Fia. 408. 



Fia. 409. 



Fig. 410, 



169. Various Bearing AdJEitmenta. — In arranging bearings so 
that adjustments due to wear may be most effectively made, 
attention must be paid to the direction of the load on the bearing. 
Thus, in Fig. 403, the load is vertically downwards, and if it 
always acts in this direction a top brass, or sfe^} is not required ; 
indeed, often the bearings for line shafting are fitted in this way, and 
with wood or shell caps to liold the lubricators and keep the dirt 
out. But in the crank shaft bearings of engiues aud similar 
lUAchines the pressure acts alternately in opposite directions, and 
then two brasses are used, the dividing plane being perpendicular 
to the direction of the maximum pressure. Figs, 404 to 408 show 
five arrangements of this kind which apeak for themselves, whilst 




Fm. 412. 



Fio.'413. 



> ObTionaly i\m ftren is indepen^ifjrit of any currfttiirc that tufty bo giYOn to the ond of the eliaft. 

« Of cooree, the real preaawre betwetsn a journal an«i its bearing varies from point Uy point, and p Ua hind ofrnfttn mlue of the acinal preitgure, Strangeiy enougb^ 



Mr. Box, in bi« well-known work on Mill Gearing, takea the area to be half the area of tin- journul, or A = 
to Bax'B t&ble of preaaurf^s. 



DtL 



This must be remembered should the Btadeiit refer 
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in Figs. 409 to 413 five arrangemeDt'i for dealing with more complex cases of vaiyiug pressure are shown. It will be notict 
in Fig. 412 the wedge end of the bolts for side adjustment "W has its larger end at the top ; the objection to this is that, shon 
nut work loose, the wedge is apt to work down and muse the packing piece to jamb the shaft- For this reason the arrangement 
in Figa 411 and 413 is to be preferred. For the matter of tliat, there is much to be said against tlie practice which is so cofl 
where large engines of the siaiionanj tj^ie are concerned, of taking up the wear by means of wedges acting on the three a 
brasses forming a bearing, for unless the greatest care is taken in the design, construction, and adjustment, no advantage will 
from such refinements,^ and the results are likely to compare unfavourably with the use of the simple ordinary two-part ste 
by the locomotive and marine engineer. 

170. Flummer Blocka or Pedestals.^The simplest form of Pedestal is the cast-imn Bearing Block shown in Figs. 414 and 415, 

BEARING BLOCK, OR SOLID PEDESTAL. 



UNIT d + ^ 





Fio. 4H.— Seetional elovatioiL 



Fio, 415. — Seotioual end elevfttlon. 



in this or some form varied to suit special jobs is largely used in some classes of rough work, < >f course the oil hole is made- 
part of the block which is highest when fixed. Suitable proportions are marked on it, the unit being d + J", An improveni 
this form is shown in Figs. 416 and 417, the l>earing being fitted with a cap, so that, by hling the paekiuff piece, or 
none used, the top AB of the block, or the bottom of the cap, woai* can be taken up, Tliis form also allows of a sliaft with i 
being used. Figs. 418 and 419 show how this type of bearing is arranged to form part of the frame of a machine 

1 fief Of to Bpoooer'B and Duvey*a *^ Elements of Machine Cofiatniotion atid Drawing,' 



' t*. 49. 



J 
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671. Ordinary Plummer Block or Pedestal, Unit = D + A".— An ordinary Plummer Block is shown in Figa. 420 and 421. The 
nl forms and proportions of these vary somewhat (for Hie aame size shaftings) with different makers, but they all have the same 
Qtial parts, namely, the Uock B, cap C, hratsscs or stcpa S, and holts K. 



UNIT D*i 




FRAME BEARING. 

^ 16' 



-IffTV 






f:- 






-I— 1-3 



\^^ - 



j_ _ ^ ! ^ 



F1Q8. 1I*J, U7. — Adjostftblc cast-iron beftrin^. 




T 







I 



Figs. 418, 419. 



le advantage of fitting the blocks with brasses of the shape shown is that they can have their fitting edges tunied, and the block 
ftp bored to correspond. But for the heaviest work the old-fashioned brasses, Figs. 427g and 427ii, with hacks of octagonal form, 

T 
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ORDINARY PLUMMER BLOCK OR PEDESTAL. 

UNITDtl' 

165- rf-^^T'4 



cannot be aurpassed, as with them, when proporly fitted^ the whole of the bottom surface of the lower brass is supported by tl 
and the flow of the brass under pressure and jarring ia prevented. Of course the brasses are filed at the joiots a and 6 (I 

to take U]) wear when necessary, but t!iis hag to be done 
care, or the shaft is held tij^'ht when the cap is bolted <lown, 

172. Seller's Self-a^uating Pedestal.— We have explaii] 
cast-iron bearings run remarkalily well when properly propoi 
indeed, with a length of four diameters and efficient lub« 
such bearin^^'s show little sign of wear after a lengthy run of 1 ' 
at high speeds, so long as the pressure does not excee<l 50 
sq, inch, and there is perfect alignment of the shaft. "^ 
this Mr. Seller designed his Pedestal, Figs, 422 and 423, ill 
it will be seen that the seats A and B of the cast-iron 
spherical^ and that so long as the pedestal has been fixed 
height and in the correct jtoaition, the steps can a<ijuat ther 
a slight extent to tlie position of the shaft. The centre cup 
ordinary lubrication, but the side cups T are fitted with a 
of oil and tallow, which at onlinary temperatures is solid, bu 
should the bearing be heated up to about 100" F., and in 
protects the shaft from injury ; the drippings falling into ' 
cups D. 

173, 3" Flummer Block or Pedestal (Drawing Exeroisa] 
parts of a 3" pedestal are shown separated iu Fig. 427, 
student should now be able to assemble them. 




-The following views of the isonipk'te block may be thi 

Each vim 



InRtmctionB. 
Elevation, (2) Plym, (H) Section on Line AB, (4) End P:ipviitiou 
propffi^f projectfd and comphifd. Then write upnti each piu^t the nal 
tDuteriiil of which it i*hoiild hv raftde. .Show t?hipijing and facing pieod 
antj bniiiiBt mid lighten nut lirafi§CB to ftave material and minimizfj labour; i 
holes in blocJc for adjuBtmcnt, and how you won Id raoke tbtj oil cbHunel 
lift If fiU Biie. 



Fios. 120,421. 



174. Crank Shaft Bearing (Bra wing Exercise).— Parts 

adjustable bearing for the crank shaft of a horizontal enj 
shown in Figs. 424, 425, and 426. The adjustment tor horizontal wear is made by screwing up the wedge pieces, as expU 
Art, 169. 

IjkMtruoiiojXi.—EtemenUtrif ttuthnh mity driiw the braring compUtt, phicing the viirioue (iiirta in their proper |>rtflitiona, and Bhowinp: the lt*ft-bainl half 
in section on liiio AA aud the right-hiuid bnlf in elevation. Project from it an end eleviition^ as steu when louking in the direction ijf the arrniw X, TUu 
not be drawn, but dimensionB Tor other yiewe taken from it. Scale, quarter full Biie, 
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17^. Am a more advaneed ezerciie StwUnt4 nmj drnw tlip beariog completely put together, allowing— the Icft-linnfJ half of view Z in aection on line A\, and right- 
hand half iti eleYRtit>n» also n c^miplete fikn, and ft verticttl aection on line MM, when looking in the direction of the arrow X. ~ ' 



Scale, quarter fall liie* 

SELLER'S SELF-ADJUSTING PEDESTAL. 

WITH CAST IRON 



176. Brasses, or Steps. — We have 
seen, Art. 169, that certain bearings are 
fitted with bi-asses (or steps, as they are 
sometimes called) ; but the names do 
not really indicate the material, as they 
are usually made of gim-metal or an 
alloy of that type, such m phosphor or 
manganese bronze. There are Heveral 
ways of forming them and fitting them 
to the supporting sm^faces of the bear- 
ings, of which they form part, shown in 
Figa 427a to 427l, The unit for the 
proportions is usnally t, the thickness 
of that part of the bmss which supports 
the load, and this may be for average 
thicknesses, i = O'OSD + 01". The 
brasses shown in Kgs. 427a, 427c, 427l» 
427m, 427o, and 427s, are usually fitted 
by turning tlie fitting-strips (on backs) 
and boring the block or bed which receives them. Rotation of the bi'asses in the block and cup is prevented by either a stop- 
pm, as in Figs. 427a and 427b ; by stop lugs, as in Figs. 427o and 42 7d ; by rectangular chippiog strips, as in Figs. 427k and 427L; 
and by (for Figs, 42 7l, 427m, 42 7o) the top of the upper brass l>eing Oat, the cap keeping them in position, or, should the back of 
the upper brass be also round, the eitp is fitted with lugs which hold the packing pieces tight, and prevent rotation. 

177. White Metal Bearings* — Many bearings are now tilted with white metal, or Babbit's anti -friction metal. ^ There are 
several ways of doing this. Fig. 427q shows the metal run into the grooved bed of the bearing \frhen the shaft is in position. In 
Figs. 427m, 427n, the metal has been run into the brass, caulked^ and the hole bored in the usual way, whilst iu Fig. 427u the 
spiral gnjoves, and in Figs. 427o, 427r, the round holes, are filled with the white metal/^ Another method is shown in Fig, 4279, 
longitudinal strips of the white metal haiug fitted and driven into the grooves. Owing to the contraction of some of these alloys in 

' An alloy of cnpppr, tin, und antimony: The employment of iheao BO-callod nnti-friotloD, soft, white metdla ie in the nature of ii niakeBhift, and is Ifirt^ely due to 
ib<* hf^itituj irattbl4i» whieli are nu t with when ordinary hrmmv^ are uaeiL AuothLr vt>ry impKvrtunt anti-friotion metal is Perkins*. It U au alloy of tin and copper iu thc^ 
proporUttu of 5 to 16, and m wliitiBli In CMlnur, but, ualiko the white raet<ila referred to, i^ very hard uiid oxcetdiiigly brittle, und the authi>r*g exj>erient'e is tijat it m»lcea 
•dmimble piuton rings and slide-valve face^ for vory high »ti'am preaaurefi with or without lubrication, whuu uxocptii>tial care is taken to prevent fracture, the rubbing 
snrfacea becomiog very smooth and mirror- liko. 

' These expedients are employed to prevent flow of the eoft white metal under pressure. Tbia metal must always be encased by a metal such aii bronxe or oast 
iron, §troDg enough for the purpose to prevent auoh flow. 




Fio. 422. 



Fio. 423. 



DRAWING EXERCISE. 
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Fta. 426. — DutuUa of bearing for orunk ilmft of horixoutal ctL^^« 
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Fio. 427.-3" Plommcr block or pedestal : parts shown separated. 
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working 



Dg, it is sometimes necessary in large bearings to somewhat expand the metal by hammering, to prevent the pieces 

u This is best done by a few good blows on a piece of round lead of nearly the same curvature as the hole ; as light blows on 

surface of the white metal are 

X) cause the latter to crumble 



VARIOUS BRASSES, OR STEPS. 

UNIT = 080+0 r: 

>4|-S« I 




FITTING STRIP. 



STOF* PIN 



•^18^- 



FIGS.427a & 427b. 



FIGS.427c&427d. 



-♦ I ^ 



178. Hangers. — ^The arrange- 
b of a bearing which supports 
t^ing from the ceiling joists or 
IS is called a hariger. Figs. 
', 427u, show one form, being 
her modification of the in- 
ous bearing designed by 
)r, and shown in Figs. 422 
423. The unit in each case 
> + i"> and proportions are 
n as a rough guide, but, 
most cases, for economical 
^ns, the heaviness of the 
I must of course be considered 

the scantlings modified with 
ment. 

179. Wall Brackets are bolted 
^alls and used to support the 
nmer blocks or pedestals. Two 
aples are shown: the first, 
. 428 to 430, is for average 
c ; while the second. Figs. 431 

432, is for light work. Of 
se, A and B (of the first) must 
nade to suit the length and 
dth of the base of the pedestal 
. In this case one with a short 
^ collar holding down bolts 
g used for the cap. The difficulty in dealing with the bolt heads for the pedestal is overcome by putting the 
of the centre of the flange to make room for the bolt heads H. The proportional parts, in terms of the unit 
ihown. 




FIGS.427C&427F. 



^i|-3n- 



FIG5.4279&427h. 
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FIGS.427i&427i 
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Fl GS. 427 k& 4271 



web WF 
= D + h". 
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180. Light Wall Bracket (Drawing Exercise). — Two views of a light wall bracket suitable for supporting a pedest 
in Figs. 431 and 432, aud the following is a suitable exercise on it. 

WHITE METAL BEARINGS. 








Fl08. 427m, 427n. Fiw. 427o, 427r. Fio. 

ADJUSTABLE HANGER BEARING 

SELLER'S TYPE 



427q. 



Fio. -1270, 



Fw. 4271, 








Fio. 427u. 



Initructiona.— Dmw the Bid© elevalioD and ^ 
a front elovatiou u^ bi^d when looking in the difl 
the arrow Z^ and a Bection uii line GH. &«&l6, h&If 

181. Wall Boxes for Floimner's BlQ 
Pedestals, — In cases where a shaft is suj 
by a wall, a wall-ho.i: is used arranged I 
when it is built into the wall the tiip of t 
supports the wall above it, whilst the p 
is bolted to the table of the box. Fig 
434 show the ordinary form, for light woi 
Figs. 435 and 436 one for heavier wd 
arched top being a stronger form. T^ 
bolts being used, the table or bridge i 
arranged in a lower position or built uj 
the bottom plate, and the size of the box i< 
Hut in fixing such a box care must bei 
to pack it all round, particularly at the 
each side, to prevent the thrust from the 
top spreading out the sides. As verylargf 
cast in one piece are apt to crack, d] 
always made in separate plates bolted tq 
arranged in such a way that the brickK 
supported by abutting surfaces of the 
When alterations necessitate the use i 
boxes, the latter are usually less strained' 




BEARINGS, JOURNALS, HANGERS, ETC 



145 



-5 5 



•H***^ 



^^—A 



l\ 



f 7 ^^ BLOCHAS593 , r N 



{ 



brickwork than they would be by oew work which settles slightly, and the necessity to use built-up boxes is not ao great, 
new work important boxes should be bedded on an ashlar stone with cement, another stone being placed over the box, 
I on the brickwork at each side to form a linteK 

he points to receive attention in designing wall brackets WALL BRACKET FOR PEDESTAL (HEAVY TYPE), 
>xes are dccssdhiUty to all parts for adjustment and repairs, j 

ar oiling and cleaning, and giving them such forms and Tk^^ 

jlions as to ensure proper stability and strength ; and, when 
ble, pro%^ding them with flanges along tlie inner edges for 
tachment of wrouglit-irou fire-proof platee. Boxes are some- 
used merely to secure wall openingi reqidred for the passage 
ts, shafts, ropes, etc. Such openings should be made as 
as possible. Often for such purposes boxes of circular form 
©d, with a suitable flange, 

E, Footstep, or Pivot Bearings.— The lower ends of vertical 
re usually supported by footstep or pivot hearings. The 
form of this bearing is shown in Fig. 437, the end of 
laft being steeled^ or it has welded to it a filed ejid. It is 
pted by a steel disc, slightly cup-shaped, whose rotation is 
ited by the stop pin P ; the gun -metal bush, which pre- 
lateral movements, is kept from rotating with the shaft by 
mg S. The base plates of all these bearings, shown in 
137 to 440, are square, and held down by four bolts, but 
rse in special cases they are designed to suit the sole plates 
Lch they would bo fixed. Fig, 438 shows another arrange- 
ihe shaft being supported by a hard gun-metal disc block, 

L hemispherical base, so as to rectify any slight movement 
block in fixing, or due to settlement. Kotation of the 
id pivot disc is prevented by the feather F, and the stop pin P, respectively. Three oil grooves meeting in the centre are 
the disc. Fig* 439 shows an arrangement where four loose discs support the shaft, the oil being inti-oduced at their centre, 
Erom which it moves by centrifugal force, and in so doing lubricates the surfaces in rubbing contact. With tliis arrangement, 
t the lubrication between any two discs become momentarily faulty, rubbing occurs only between ilie other surfaces. The 
fahow Viow the oil ciiculates. A cleaning hole is shown closed by the set-screw S. 

flien great loads have to be supported by vertical shafts, it may liappen that the pressure on the pivot would be too great for 
kring to work satisfactorily, but it is not desirable to load a footstep bearing tn more than 200 lbs. per sq, inch, although 
urea u p to 400 Ihe, are possible by carefully attending to lubrication.^ Then Collar Bearings, one of which is shown in Fig, 440^ 
* Witb forced circiiJati<>n of oil a pressure of 1 tnii j)er eq. inch on the pivot ottk 5" iibiifl btia been (bund workable. 





FiQii. 428, 429. 



Fig. 430. 
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generally used.^ Of course, with the arraBgement shown, tho bush must be split, the two parts being made to clip the shaft 



rfore it is lowered into the casting. 



WALL BOXES FOR PEDESTALS. 



¥im. 4:i5, 4;^ti,— ArcJietttop tjp© for iiei^ivj work. 




^^v^^^s:ij^ '^:s:^;:^^?^^ 



1^8 i — Nz 






Fio. 438.— Footstep with homiaphencfll seat. Fio. 439, — Footstep with multiple discs. Fm. 440,— FcM^tttep colliir bearing. 
183, Schiele'8 Pivot, Fig, 441, wears equally oti all rings or diameters. It was designed to overcome the inequality of wear 

' If f| and B bo the inner aod outer radii of the <N:»llara, then the raoraeut of friction M - '^i^TZT^ ^ M» where W ia the total load on the ooUtirfl, nod /u the coefficient 
^ftiotiuQ. The work done in inch-lba. per mintate =: MN2ir, whe.ru X - ruviilutiotig pur mimita. Ileror to iiuthor*8 "Machine Design* I'tcv,*' p. 2firi. 
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referred to in the previous article. As the wear of the surface is uuiform at every ring, the two parts always fit each other accu- 
rately, and the pressure ia always uniformly distributed, and never beeomes so intense at certain rings (as is the case in other pivots) 
its to force out tlie lubricant and giiod the surfaces. The curve is a fraclrix,^ and ibe shape of the pivot is formed by revolving the 
curve about its axis. This pivot (sometimes called, strangely enough, anti-frktion) is not often used, as its 
sha|>e is not very convenient; it is expensive to uianufactui-e, and, as compared with a flat pivot, it wastes 
60 per cent more energ'y in overcoming friction, as is seen by comparinc^ tfieir mspective moments of 
friction,^ lint the advantage of this pivot is in tlie fact that it maintains its shape as it wears, and 
is self-adjustitig. Obviously^ as the pressure p is c<m8tant, the radius K 'x cos «, wdiere a is the angle 
the normal to the curve makes with the axis. This pivot has its maximum supporting area when ttie 
constant length of the tangent intercepted between the two rectangular arcs bounding the curve equab 
li, the radius of the shaft ; then the moment of friction, il, is = W^iR, where W is the load, its valae 
being the same as for a spherical pivot, 

184. Materials used for Bearing's, etc.— We have seen, Art. 172, that rmt iron^ can be efficiently used 
fur moderate jjressun^s ; tliis is largely due to its porosity and absorptive peiw^er, and the j>ersistent way 
in which grease and oil adhere to it. The most suitable material for a bearing depends upon the material 
of the shaft journals, the pressure, speed and lubricant, and no very strict rule can very well be laid down. 
Wrought iron, if free from surface defects, is a good material for journals, and mild $te4^l, wliich is more 
homogeneous, still better ; whilst hard steel, ground to shape and well bedded in its I tearing, will carry an 
enormous pressure if efficiently lubricated and its temperature is kept duw^n.* It does not often hapj>en 
that the bearing and journal are made of the same material, an it is genemlly advisable to make the Ijearing 
of a softer metal so that most of the wear takes place there, as its renewal is an easier and less expensive 
matter, and the strength of the journal is not reduced by sensible wear, as it would be if cut and worn by 
Fiiuning in a harder l>earing. For these reasons bearings are often babbitted, or lined with sol't white alloys, 
as explained in Art. 177. Bronze or gun-metal, an alloy of copper and tin, is the met^l which is generally used for ordinary 
machinery; it is comjxised of 90 parts of the former and 10 parts of the lattc!', but for very great pressures the proportion is 86 of 
copper tmd 14 of tin, to 82 of coptjer and 18 of tin, the hardness of the alloy increasing with the quantity of tin.^ 

The hardness and resistance to wear is also increased by alloying some 2 per cent, of phosphorns with the tin and copper, 
prcHlucing a metal known as phosphor bronze. 

' For cxplttnaCiou of bow to act it out, refer to authora *M * eometricsftl Dmwuig" p. 171, 

* Refer to jnithor*ii " Machine Design, Coustructmn and iJmwiiig/* p. 265, 

* Ordinary caat-iroB l>efti'tii|srB we»r well if the rolodty doea not exceed 150' per minato and the proBBure 100 Iba. jw^r »q, incli. 

* Prof, Goodman, 
^ Converaelj, to produce a soft, tough bronae, Buitabte for the tfteth of wheels 8ubjeote<l to Bhocks, the proportion of tin is decreaaed, the ntmal parU being 8 of lia^ 

atid 92 of copper. 
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EXERCISES. 
Desionino, etc. 

1. Make a aketoh design for a pair of brasses for a 3" journaU length 41" ; give dimensions. Figs. 427a and 427b type. 

2. Design a frame bearing, fitted with brasses suitable for a 4" shaft, the length of whose journal is 6". Dimension the'principal parts. Figs. 418 and 419, 

SKETOHUfO EXEBOTSBS. 

3. Make simple sketches to show diagrammatioally the forms of the following types of bearings :— bushed solid, single collar thrust, ordinary thrust block, and 
wtstep. 

4. Show by sketches six different ways in which the brasses of bearings can be arranged for adjuitment. 

5. Make a freehand sketch of Seller's self-adjusting pedestal. 

6. Show by a sketch how brasses are fitted with white metal. 

7. Sketch a wall bracket for a shaft pedestal. 

8. Make a sketch of Schiele's pivot bearing. Wliat advantage is claimed for this form, and wiiat is its principal disadvantage? What is the name of the 
aire nsed? 

Dbawimo Exbboisbs. 

9. Make working drawings of the adjustable hanger bearing, Pigs. 427t and 427n, for a 3" shaft. Scale half size. 

10. Make working drawings for the wall bracket, l^'igs. 428 to 430; diameter of shaft, 5". Scale 3" = 1 foot. 

11. Draw two sectional elevations of the wall box. Figs. 435 and 436, suitable for a 4" shaft Scale 3" = 1 foot. 

12. Set out three views of Uie footstep bearing, Fig. 437 ; diameter of shaft, 3". Scale half full size. 

13. Make a set of working drawings of the Plnmroer block. Figs. 416 and 417 ; diameter of shaft, 2^". Scale full size. 

14. Draw three sectional views of Seller's self-adjusting pedestal. Figs. 422 and 423 ; diameter of shaft, 2". Scale full size. 

15. Bfoke working drawings of the 3" Plummer block (Fig. 427, Art. 173) to the instructions g^ven. 

16. Make the drawings of the crank shaft bearing (VigB, 421 to 426) in accordance with the instructions given in Art 174. 



CHAPTER XVllI 



HOLLER AND BALL BEARINGS 

185, Introductory Eemarke. — Iit)ller and bfill bo^irings are used witli the object of reducing the resistances due to friction, 
substituting rolMiig friction fur sliding friction, whicli is souinl practice whenever it can be done without unduly sacrificing ^ 
simplicity, reliability, and comparative inexpensiveness of the ordiniiry type of bearing. But in dealing with such bearinga^^ 
must not overlook the fact that with a plain bearing, perfectly made in its most efficient form, with a long, case-hardened, groond' 
steel jouj-nal, running in phosphor- lironze steps, and efficiently mechanically lubricated with an oil that possesses high lubricatiDj 
properties witliout being very viscous, wo have a journal practically iioating on a film of oil, with practically only the small resist 
ance due to fluid friction. On the other hand, in most cases it is not practicable to secure, or at least to maintain, such favourabl 
conditions of i^unmng, with the result that the sliding solid friction whicli then occurs, heats and wears the parts which are i 
sliding contact,* and provision lias to be made to take up this wear, which in bearings of tliis class is usually a simple matter. Ba 
it is a principle of the roller ami also of the ball bearing that wear should not take place, and no provision is made to adjust th 
hearings dite to wear. Of course, in hearings of this class that have been well designed for the pressure they have to support, tb 
speed they have to run at, and made with great accuracy, no adjustment is necessary, or, mther, when signs of wear appefl 
the worn parts ai^ replaced with new ones. Such bearings, we shall see, under the best conditions of running, are very efficieii 
particularly when tlie machine to which they are fitted is being started from a condition of rest ; '^ but, on tlie other hand, they ai 
expensiA e to make and are liable to be seriously damaged by a crushed ball or fractured roller, as wo shall see in dealing with tb 
following representative types, commencing with the simplest application of rollers. 

186. Boilers for Bridge Ends, etc. — To allow for fi^ee expansion and contraction, one end of a bridge usually rests upon nesta € 
turned-steel or wroiight-iron rollers, mounted to run between planed surfaces. Their length and number are usually decided b 
allowing a maximum load per lineal inch of each roller, of dyOOs/d fur steel, and BOO\/d for wrought iron, where d is tlie diameter < 
the roUei's in inches, which should not be less than 2". 



i 



* There can bo no doubt that the \<m, of powti in Una uml otUor Hbafiiuf?^, with ordinary bearings, is often a very seriouB matter For ioatiinoe^ it hoB been i 
ibat ftt Sir Christopher Furneea, WestgEurth & Co/b Kngine Worka^ Middk-sljrougli, in one ftho|j wljeiti two loDg lines of sbafiing and a eompiratively small numlief * 
tools were uiied, the hu ttti* 7i>'6 per <mi»1^ and that in twootht^r tfhops it w&h .'jU and 42 p^T (.'ont. Trobably, under favourable ct>iiditiouB, it m ntrely b.-sa tlmn 20 per etM 
It is fairly t»fe to aamimo that if ihe 6Ame amount of attention bad been ^iveti to the pt^rfection of roller b<:>arii]gH as has 1 eeo g^iven to ball bearings, we should 9*| 
imd bear a great deal more about them, a« th** euving in power and lubrie tnU cannot be queitioned, but, of ©Jiirse* the ooat at present is againat them. And we aw 
tee that thcni are certain drawbaokii pecqjiar to them. 

' For this reason thoy hare been fitted to electric railway carriage b witli advantage. It is claimed by the Empire Iteller BetLrings Co. ttiat, with heftfy i**^ 
vehicles, the frtctional redstance In starting^ la reduced to rather let»s than :\ Iba^ per ton, including the wheel frietion upon straiglit, level r»il9. 





Obviously, there 
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187. Anti-Mction Wlieels. — Another siniple roller arrangemeot is shown in Figs. 442 and 44:i Heavy grindstones are some- 
times mounted in this way, (J being one end of the axle. Of conrse there is a certain amount of sUdiug friction in the hearings A 
and B, and it can easily be shown that — 

Friction with plain hearings _ d ^ 

friction with antifriction wheels "^ D cos ^' D * ^ * 

To prevent end movement of the main axle, all the axles must he exactly parallel and the rollers the same size. 

188. Eoller Beariags. — In Figs. 444 and 445 we have shown the simplest form of roller hearing for a journal 
is some friction between the rollers themselves in this case, and, as they 
cannot fill the annulus completely, it is possible for them to get slightly 
out of parallelism with the axis of the shaft, and then a spiiiEing ^ or 
grinding action takes place, and (he line of cotUact vnth the journal is 
nmrmd instead of straight, which causes tlie roller to bend, or perhaps 
Wile, with disastrous results to tlie bearing. 

189. King Cage Roller Bearing. — This type is shown in Figs, 446 and 
WT, and, although an improvement on the previous one, is apt to give 
tiTouble, It will be seen that the ends of the rollers are turned down to 
fona small journals, which are carriecl in a pair of rings forming a cage, 
frame, or yoke ; the shaft is fitt^^d with a hardened and ground steel sleeve 
tod the casing with a similar liner, both providing a hard and perfectly 
smooth path for the rollers, which are, iu the best work, of tool steel, 
oanlened and gixtund, or case-hardened. Although this arrangement of 
ttiikbg all the engaging surfaces of hard steel gives the best service with 
the least wear, these bearings are sometimes made with the rollers 
•fuming in contact with the cast*iron casing and wroughfc-iron or steel 
sliaft, for light pressures and slow speeds. 

190. Solid Cage Beaiing. — Another arrangement is shown in Figs. 
^^ and 449, the rollers being carried in a solid gun-metal cage or i/oke so 
that their axes always remain practically parallel with the axis of the 
*W., Of course this means a certain amount of sliding between rollers 
*iDd cage, but this does not appear to much reduce the efficiency- 
hearings of this form have with advantage been used for the axles of electric railway carriages, and it is claimed for them that in 
^^rting or at such slow speeds that air resistance may be neglected, the driving effort is only about 10 per cent, that required by 
^'le same car fitted with ordinary bearings. The rollers are sometimes made in two or more lengths, breaking joints, as shown. In 

Oombioed roUmg und aliditig, which, \n the thiust b&ariug, Figs. 456 tind 457, ifl aimlogouB to what ocouna between the pan and rollers of ft loortar ndll. 





Fxofl. 442, 443. 



Fias. 444, 445. 
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all cases such rollers should be made with convex ends and the edges rounded off to prevent them breaking away under pres 
a broken roller is almost sure to cause rapid destruction of the bearing.^ 

Should any of the bearing surfaces luse tlioir true cyliudrical foroi, or be initially faulty in this respect, the roller will 

twist out of line with the abaft and to have an end movement which 
end thrust, amounting, according to Professor Goodman,^ to one^( 
the load in some cases. 

191. Flexible Boilers for Bearing^s. — We have seen how imporU 
tliat the rnllerB sliould remain in contact with the shaft along thoi 
length. Now, this condition is much more likely to be satisfied 
roller is made jiccible, even if the surfaces upon which it rolls 
exactly true. Fig. 450 shows such a roller manufactured by the 
Roller Bearing Co. It is made by winding a steel bar or ribbon < 
anguJar section about a mandril.^ 

Another ingenious flexible roller, due to Jlessrs, Kynock, is 
in Fi^. 451. It is made by ndling a smtably shaped steel plai 
cylindrical form, ^i^iving a helical division along it as shown 

102. Conical Boiler Thrust Bearing », -We have seen (Art. 18 
the end thrust of a shaft or other part is resisted by either a step bi 
coUai* bearing. Now, by the use of suitable rollers, arranged in a« 
with geometrical principles, it is easy to construct tliust 
which the friction is due t<j n>lling action instead of sliding, gi 
considerable increase of efficiency* Fig. 452 will assist in making 
conditions that must be satisfied. The rollers A and B are truncal 
whose common vertex Ls in the axis CI) of the shaft at C, and 
constructed there will be a true rolling action between the partsi 
slipping. In this case the bed EF is flat, and the end of the shj 
but, obviously, these could be reversed ; indeed, it is sometimes 
to do this. Fig, 453 shows a case where the axes of the roll 
right angles to the axis of the shaft, the common vertex of the rollers being at C in the axis DO ; in lact, so long as this 

^ Properly doaigned beariDgii permit of very great pressures being oarn^* Indeed* it h ctuim^ by the Moaaborg Bolter Fioaring Co. thftt in roUiDgl 
i beiirm^s will permit of ii pruagure of i!0»(MH) Iba. per uqiiftre inch on tht' projected area of the joornnL Messrs. Moe8l>©rg alm> cite i* r^markAble ej 
effloieucy of their ri>l]er beiriuge. A gi^ttl whei<l wei^king IBO tba, and I i" diaiDoier, was speeded up to 10,000 revohitioiis p«r minute, nod OODtinne^T 
one hour aud tliirty-three miautee after suddenly diftwonectiiifr the »ource of |Ksiver» ttio test being repiaited forty itmea with no detrim*>nt to the bearing.] 
a nd tt ppropriftte application of roller bearinj^a wj»» m«dt' when tlir Empin- Holler BBiiring Go. mounted tht; hnge bell (weigbin^' 2:i tona), Great j 
i|lQn was found in he. only oDe-aeventb what it waH with tlio formpr bearinL's. / 

dinnic a." p. 24vi, in which pM>fed8or GoodmuD i^ays that tie haa not found any roller bearing entirely free from ''end tbrui«J 
ed increaaea, 

'those of Atoerioan maJke, the Ford oar being fitted with them. 
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HYATT FLEXIBLE 
ROLLER. 



is satisfied, the angle may be varied to best suit any given case. To guard against any tendency of tlie rollers to be forced out 
radially, a retaininfj cagt: is required. This is shown in position in Fig. 454, the plan and sectional elevation of the ctige, showing 
the rollers in position in tlie pockets of the cage arranged to receive them with 
a good working fit, the pockets restraining them from twisting round out of 
position so that their axes would not intersect that of the shaft. 

In heavy work a ball is fitted to the large end of each roller, as shown 
in Fig. 455, to reduce the friction due to any ead thrust 

It can be shown ^ that the angle at the vortex of the roller's cone should 
in no case exceed 15"^. They are frequently made from about 10° to 14', as 
shown in Fig. 462. When accurately made and running on steel,^ the Motional 
resistance is very small, especially at low speeds, the bearings often having a coeflBcient of friction less ^ than 0003. 

193. Cylindrical Koller Thrust Bearings, — For very heavy work these bearings are more often used than those mth conical rollera. 




KYNOCK FLEXIBLE 
ROLLER, 



Fig. 4:iO, 
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THRUST BEARING COMPLETE 



THRUST BALL IN ROLLER c^ac 



Fig. \^L 
SEARmCi SURFACE CONICAL 






Fig. 455. 




Fig. 453, 



Fm. 454. 



Fios. 456, 457. — Oyltndrical roUer thrust bearing. 



The bearing plates are fiat, as shown in Figs. 456 and 457| and several narrow rollers all the same size are pnt in each pocket side by 
side» the sets being arranged at different distances from the shaft's axis to minimize the tendency to groove the bearing plate. The 

^ Befcr t«» Uit' author's " Macljiiie Dfaign^ot^v' p ^Oi^- 

» Wrougbt-iron roU&ra nn oiat irmi may perlitipi be iii*«d for tlio Itglitest pr6i^uri>a at «kiw apeed&, but for satiefactciry ruivoiti^. purticularly with heavy tproasupeB 
kI tii^li tfpebddi, tbe rollujfd Hud tlic btarini^ surfaces nj>mi which tUey nm should 1x3 tuol itael, hardened and ^rouud to forrei. Jlild Htet'l, oa»i!-hardetit^d, has also been 
tuoooMfitlly used. 

' Aisan b recorded In Oa/t^Ur't Magazijie, Maj, 1897» wbtire, with a working preesure of 101 5 !b». per eqimre inob^ fx th^ ooeffioient of friotiou wa« ^ OQA'L^^ 
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l^lie rollers are slightly crowned ami the axes are radial to the beariDg. As each roller is carried round the axis of the shaft 
\ a distance equal to the circumference of a circle whose radius is the luean distimce of its ends from the axis, and it also 
ind once in relation to the plate, but, with the very short rollers (oft^n only i" long and A" diameter) generally used, this 
of the rolling surfaces appai'ently ha« little effect 

Drawing Exercise. — Tn Figs. 458 to 461, we have a fully dimensioned 2" roller bearing, which can be conveniently used as 
H exercifie : the four views may with advantage be drawn fidl size. They should pi-esent no difBcnlty to a first year's student. 
Wte shafting these pedestals should Vie made with s-meel mating s. 

Bali Bearings, ^ — In Art. 185, we discussed several matters that applied erpKiUy to roller and ball bearings, but, in dealing 
Brith the latter, we may first endeavour to get clear ideas as to the conditions which must be satisfied if we are to secure 
ing motion (or something closely approximating to it) in various forms of ball bearings. Fig. 402 showw a longiludinal 
f the simplest form n\' l^all bearing freed from all auxiliary parts ; it is an example of pure rolling motion on cylindrical 
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Fig. 463. 



Fig. 4tH. 



Fio. 465. 



Fio.46ti. 



Fig. 467* 



Fio. 468. 



Fio. 469. 



and it is called a twD-point bearing, because contact occurs at two points, A and B, and the parts C and I), which artt in 
)ntact with the hails, are called races, each race l>eing a solid ring, Kow, to prevent any tendency of the balls to get out of 
sideways, it might appear that the best form of the races would be grooves whose radius is just equal to that of the balls, 

in Fig, 463, but, obviously, with such an arrangement the frietion becomes excessive; so, to avoid this, the three- or four- 
itact is used. Figs. 464 and 465 are two examples of three- point contact ; in each case one of the races is cylindrical and the 
oved, both sides of the groove making the same angle with the axis of the bearing, ko that m/i, Fig* 464, the two points of 
f the ball against the sides of the race, shall be the same distance from the axis (this also applies to Figs. 465 and 466) 

easily understood that when the ball is pressed between the sides of the groove the pi^essure will slightly flatten the hall 
e contacts occur, instead of the contacts being geometrical points, n^ they woidd be if the Inill and race were inclaMie. 
' Bing so, it can be conceived that the ball hns a rolling motion in the groove combined with a slight ipimiing' motion 

^ We have referred to tbis BpiuniDg or grinding &ctioa in Art. 188, 
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about the axis mn. Of course, witli this form of bearing, the only resistance it can offer to end motion (in the direction of the i 
axis) is the sliding friction l>etween the balls and tlie cylindrie^il surface; on the other hand, eare must he taken to make the anghsl 
large enough or the balls may bind or wedge between the races and probably become fractured* 

In Fig, 400 is sliown a fbnr-point contact arrangement. Althoiigli this bearing is cliiefly used Uj support a pressure nor 
the axis of rotation, it will also resist io a certain extent end thrust, but two firmbf fixed hearingH of this hind sh^iM lud he usrd i 
sams shaft, especially when it is a long one» as any change of length of the shaft due to ditlerences of temperature tends to faro© I 
balls against tlie sides of races with fjossible damage to them or the balls. Such a bearing, iiowever, can be used (in the same flbift 
with others made a loose fit in tlieir respective housings so that they do not restrain end motion. The angle (i should be not less 
than 30', and this also applies to 6 in Fig. 460. Fig. 407 shows the foiiu of races (first suggested by Professor Stribeck), which ure 
now largely used, they are struck with a nidius of about *^ to y times that of the balls. With this form a greater load can l»e carried 
with less friction. Figs. 46S antl 469 show how one of the rings or races K may be titted with a removable piece P, accura 
fitted, and held in position by the screw shown, to allow of the balls being introduced or witlidrawn. 

196, Journal Hub Ball Bearings, Form of Constraining Surfaces. — In arranging the constraining surfaces care must be taken I 
the balls have no eflective tendency to leave tlieir proper path ; thus in Figs. 470 and 471, the tendency of the balls to leave tlifi 

races is reduced to a minimum^ as the races are so formed thit 
BALL BEARINGS. VARIOUS CONTACTS, ^^""^ rolling occurs. When a load W (Fig, 470) on the thre^ 

point contact bearing is supported^ the reactions Q and E (whose 
relative magnitudes are shown in the triangle of forces) at a and 
4 on tlie hub and cone respectively, create small areas (as we have 
seen) on the bull and cause it to roll with a motion akin to tb* 
of a cone, whose sides dC and baC skmdd intei'sect in a point (C) 
on (he a.ns CF, as shown, if true rolliEg is to occur* To avoid 
any tendency of the balls to wedge between the cup and 
the angle at A should not be less than 30^ Fig. 471 sliowsj 
armugement for a four-point contact bearing. It lias the wl% 
tage of being more compact than the j>receding one. Of 
the angle at A, and the corresponding one opposite, shoul 
be less than 30 , and tlie lines fd*ij and ^dC (passing through the 
contact points) must intersect in the axis, as shown at C, and just explained. The well-known cup-and-ball two-point contact is shown 
in Fig. 472 : it is extonsively used for the wheels of cycles and very light cat's, etc. ; each ball runs in a pair of concave races, wht»^ 
radius should not exceed some ^J tlic radius of the balls, to prevent side motion, Ibr with this arrangement the balls are not in * 
stable condition, the actual positions of their contact>s with the races being indeterminate. Of course, any tendency of the balls Ui 
roll further out from the axis orneaier to it is resisted by the increasing slope of the sides of the races, .so the l»eiiring autoniaticallj 
adjusts itself into a position of equilibrium, but to prevent wedging it is advisal*le to well lubricate the bearing. Obviously ^ tl»ii 
bearing is capable of resisting a small side or end thiiiat, but we shall directly see that for heavy vehicles, whei-e very consider 
side thrusts occur, a more satisfactorj^ bearing is used. 
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197. Ball Thmst Bearings. — The simplest way of taking the end thrust or pressure of a shaft is to arrange balls between two 
igs or iliscs whose planes are normal to the axis of motion, but this necessitates the use of a retaiuiug cage, as we shall directly 
B. If this is to bs avoided, one or both of the rings or discs may be grooved to constrain the balls to move in a circular path, 
g, 473 shows one way of doing this, the lower or bearing ring being flat and the upper ring gi'ooved, giving a three-point oontaot. 
3 explained in the previous article, if spmning or grinding of the balls is to be pi^vented, the sides of the grooves must be so 
mped that a line baij, through the points of contact a and h, must cut the surface Cm of the ring in a point C in the axis of motion, 
i the motion of the balls is akin to that of a cone, as previously explained. The pressures on the balls due to a weight W is shown 
Y the triangle of forces, WQH. One of the rings may be coned, as in Fig, 474, at DE. Then, if DE be produced tOl it cuts the 
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AJB m C, a line Cab must cut the ball in a and h, the contact points with the sides of the groove, giving a three-point contact In 
mscase W is resolved into the normal force P acting on the ball and a force H [terpendicular to the axis, P being resolved into R 
iid Q» the other two pressures on the ball. If both rings be grooved, we get four points of contact, as in Fig. 475, which should 
pBJik for itself. Professor Goodnian has called attention to the fact that ** although these forms of thrust bearings are right in 
>rinciplo, they are not found to work well in practice, probably because the exact conditions are upset when any wear or change of 
^ takes place. A series of teats of some bearings of tlds type showed that the balls began to ftd and score and the races to grind 
i^Very low loads and speeds.*' Hence, we find in the best practice that flat or sliglitly hollow races are used, giving a two-poiot 
'Oatact, as shown in Fig. 476, which represents one of Messrs. HolTmaun's ball thrust washer § ^ designed for the spindles of drilling 
o^'icMncs, feed and elevating screws, worms and mandrils of lathes, etc. The balls are held in the gun^metal retaining case or ring* 
^liicli keeps them in position and prevents them falling out when the bearing is dismantled. The diameters of the holes in the top 
^d bottom harrlened steel washei-s which form the haU rmts are made five thousandths of an inch above standard size, so as to allow 
ii^ shaft to revolve freely inside the stationary race. 

198. Ball Journal Bearings. — The simplest form of a single-row ball bearing is shown in Fig, 477. It can only be used when a 

* Tht'se beiirin^jTH carry no juurmd prLiaaure, bot ->rily ead thrufft. To equally dibtnbate the load over all the beUs, oae of the waahers is aomQiimt^ flttetl with a 
teienl buck whi<?h aUnws it to awivel into its oxact t>08itioii wlien the load in applied. 

' The thickuesB of the *iug^ ia about ooe-hulf to two-thirds tbo diameter of the balls, imd holes are driUed for the reception of tbe biill*, the top aud bottom ( 
the holes being allghtly barred a?er to k&ep thu balls in position. 
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journal load has to be carried ; great care iniist be taken to fix the shaft and bearings, so that the former may Ije free to expand and 
coDtract, tlue to differences of temperature, without putting any end thrust whatever upon tlie hearing. The most satisfactory way of 
fixinj^' the internal race ring is to make it conical, as in Fig. 478, and to hold it on to a corresponding conical part of the shaft (or 
sleeve) by means of a nut or collar screwed upou the shaft, or, if this cannot be done, a split conical sleeve should be drawn into the 
conical part of the race ring by a collar nut or back nut to grip the shaft and race, a aet-screw being used to prevent the eoUar-nui 

working off, as shown in the figure (478). 
HOFFMANN S BALL BEARINGS, 1^9. Compound BaU Bearings— A\ hen a 

bearing is oonatructed by combining the thrmt 
and journal bearings wo have referred to, it 15 
called a Compound Bearing, If arranged as in 
Fig, 479, it is a Singh Compound Bearin^^ but of 
course this can take the thrust in one direetioii 
only/ and is therefore suitable for such arrange- 
meuts as footstep bearings of vertical shafts, 
for clutcli shafts of motor-cars, where conical 
clutches are used and there is an end thrust, 
etc. Referring to the figure just above and ti* 
the right of the journal balls, a spring will be 
seen ; it lb slightly in compression, and keep? 
the balls properly in contact with their races, 
it also allows of any slight contraction or ex- 
pansion of the shaft. In certain applications 
of this bearing the spring is dispensed with, and 
a dijstance piece used to fill space occupied by 
it. It is absolutely necessary to firmly clamp 
the ctjuc upon the shaft, and the simplest way 
of doing this is shown, it being a slight variatioa 
nf the one explained in the previous article. 
When it is required to remove the bearing from 
the standard housing, the small locking screw 
is itjmoved and the disc nut un Here wed at the right-hand end of the housing, where the bearing can be withdrawn. The balls, being 
held in ball retaining cages, will not drop out. 

Students may refer to the author s " Machine Design, ete./' p. 283, for data for designing ball bearings. 




Fio. 477.— Singk 

row ji>urnFil 

bearing, 



Fio. 478. — Joxiriml bearing*. 




Vm irr'.- f^<Uf;J© CDIilpuUiid, 



1 It is often oon?eiiioiit to ii«e two of tbeae mIwjiU oompouud beariogs oq the aftmc Blmft, 
oompoimd oue. 



iLk Gasesi where iheru in thrust in both directioiu, lofltciid of a 
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EXERCISES. 

Dbawdig ExBRom. 

1. Make working drawings (fonr yievrs) of the roller bearing shown in Figs. 458 to 461. Scale fnll size. 

Skstobhig Exeboises. 

2. Hake sketches showing the difference between a ring cage and a tciid cage for a roller bearing. 

3. Show by sketches two ways of arranging a roller thnut bearitig. In one case the bottom bearing plate is to be flat, and in the other conical. 

4. Make a sketch of a cylindrical roller thrust bearing. Why are the rollers in snch bearings usually staggered ? 

5. Explain what is meant by a roller or ball spinning. Illustrate your answer by sketches. Do you consider ball bearings require lubricating ? If so, why, and 
what lubricant would you use ? 

6. Show by diagrammatic sketches the difference between three-point and four-point contact in hall hearings. What conditions must be satisfied if spinning is not 
tooocnr? 

7. Show by a diagrammatic sketch the difference between three-point and four-point contact in ball thrust bearings, and define the conditions which must be 
•fttisfied if there is to be true rolling contact on each of the races. 



CHAPTER XIX 

TOOTHED GEAR mo 

200. Introductory Eemarks. — ToiDthed wheels have be^^n used for the tmnsmissioa of motion and power since the days of 
Archimedes, about two centuries before the Christian em, but it remained for geometricjans of compinnitively recent times to 
investigate and solve the problems which liave enabled the engineer to shape the teetli of wheels so that pmctically the same 
umf(yrmity of motion^ can be transmitted from one to the other as if tliey were plain cyliiulers (or cones) roUinff on one another 
by ftictional contact ; in fact, in every pair of spur wheels we have two imagioary cylinders'^ (and in every pair of hevei wheels two 
imaginary cones) provided with certain projections or teeth, and intermediate depressions or tooth spac^, so that the teeth of tme 
wheel enter the spaces of the other, hot, when these teeth are properly formed, the velocity of one wheel in relation to that of the 

other, that is, the arufular velocity ratio, is inversely proportional to the diameters 
of the imaginary cylinders^ and cones, as we shall see directly, and these 
cylinders and cones are represented by circles (called pitch chrles) on the 
wheels, as shown in Figs, 480 and 481* 

201. Relative Speeds, — If the pitch circles, Fig. 480, roll on one another 
tliey have the same velocity, that is, travel the same distance in a given time; 

therefore NDtt = ndir, or -^ = ^, where N and n are there volntions per minut« 

of wheels A and B respectively. But the angular velocity is proportional to 
the revolutions ; therefore (he angtdar vefocifiej^ (fre inverseh/ proj^torfiancU to tki 
diamefers of the jnfch eirrks, 

202. Teclmical Fames of Teeth Details. — An inspection of Fig. 481 will 
enable the student to understand the meaning of the technical names of the 
different parts of wheel teeth, as we shall frequently have to make use of them. 
The diagram should speak for itself 

203. Pitch, etc.— Fig. 481 shows that i\m jntch of a wheel is the distance, centre to centre, of two adjacent teeth, but there aie 

* Ab the inertia of heRvy moTuija;' parts reaiBts all*. ration of velocity, any variutiim in the uniformity of the motion cimBeB the driven wheel to olt^ntfttclj 
fall bftck and overtake the driving wheel (» jerky utition, ti^ohnicnlly called back laeliX with loiis of puwf^r, vilirution, and noifle, WheeJii correct! 
made, and fitted, wiU bear evidc^ncc of uniform contact from the point of eae^ tooth U* aome distance below Ihe pitcb cLroIe. 

* The pitch Burfaoea. 

* Thin ocmdilion of coobttEcy of lelwiry Tniio may to eome extent be eecured by havinp the teeth limall and nnmeroni. 
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two ways of measuring it, namcjly, along the arc, and along the chord, and among the earlier authorities there used to he a great 



difference of ojiininn m to which of these h correct. 

DEFINITIONS. 




But» if the diameters of wheels are to be exactly propf:»rtionnl to the 
number of teetb, thi^ pitch must be measured by the length 
of the art\ ur along the curved pitch line, and this, the 
oljviously conx^ct way, waa adopted by Willis, liankine, and 
others, and is now the accepted mnde. This being so, the 
relationship of circular pitch/ diameter, and numlier of teeth 
is expressed by the equation Dtt ^ N^j, where 1> = the 
diameter of pitch circle in inches, p = pitch in inches, and 
N = the number of teeth/^ 



Then 



I)- 



FiQ. 4S1. 



= — — , P = ^T » and N = 
7r 



this 



N ' p 

204. Diametral, or MaEchefiter Pitch. — The use of 
pitch has been much extended since the advent of the motor-car in this country, as it has been largely used in connection with its 
gear wheels {the nther pitch used for tliese wheels is the French Module), thereby avoiding inconvenient fractions in their pitch 
diameters, as with the dlamrtrtfi piirh sifstftn the diameters of the pitch circles can always be made suitable. In the practice of 
Messrs, Browne and Sbarpe, and Messrs. Sliarp, Stewart, & Co., of America, the dimetral pitch equals the number of teeth divided by 
the diameters of the pitch ciixle;* So that it is a ratio aod not a measure like tiie circular pitch. To further explain, let I* = the 
diameter of pitch circle, i^j = the diametral pitch, N — number of teeth, j) = circular pitchy 



Then 

And diametral pitch number 



K 



N = Dpa, 
1 

Pd 
Xumber to be added 

+ D. 



D- 



N 
Pd 



_2 
pd 



The addition to diameter for increased number of t^eth = 
<^)utside diameter of wheel 

Aod circular or true pitch 

* Circular pitch m\ui not be confu^td with diametral pitcli, WIulh tln' word "pUcli *' is alone UHCd, cimiilar pitch is referred to. 

* ll U tU© pracH<'<:' of gomr^ oii^^ifier-rs to miiko onr- of a puir of equal wheels with «ii ailditiorial tooth cat led a Imnting cog. Then each tooth of one wheel 
JWlU enooujiter each tooth of the other equally often, oiul the wenr wiU ha equnlized. Any j*ftir of wlieela will have tj hunting c**fj If the toeth of wth cannot 

divided ^^ithout remninder by any numtjer except 1. In other wordB, the iiaiubers mnat he prime to each Mher. 

* Bui the diametral pitch which U porhapa more commonly tued in tMi eoimtij id the reoiprocul of this, ar^' Then the cirenlar or troa ^^^^s^^-^ ^ ^-^-^ 



Pri 




16S 



MACHINE DRAWING AND DESIGN FOR BEGINNERS 



Distance 'between axes, or centre distance 



tSuni of the mimber of teeth 




ExAMi'LE. — A 12 pitcli wheel (diametral, or Manchester pitch), 8" diameter, will have 12 x fi = 96 toetb, aild the trae a 

einular pitch 

= ^^^ = 0-2618". 



Dllj| 



MODULE OR FRENCH PITCH 



205. JCodule, or French Pitch, ^This pitcli, which we ha%^e just referred to, is the oue in general use in France, the csou _ 

from which .so uiaoy of our liiiest motor-cars have come, so that the business relations between 
tlie two countries in connection with this remarkable industry, to say nothing of the inherent 
advantage of the system, are leading to an increasing use of it in this country. The modiiJfi 
is the diameter of the pitcli circle in millimetrea divided by the mumher of teeth, and it 
the length ^A the face part (M) uf the tooth, as shown in Fig. 481a, For otlier relationships- 
Let I) = iliameter of pitch cii'cle in millimetres, 
1>2 = diameter of circle tipping teeth, 
M = module in millimetres (face length or height above pitch line). 




N 

P 
T 



¥iQ. 48U. 



= number of teeth, 
= circular pitch in millimetres. 
=^ thickness of teeth on pitch line. 
^ clearance at top of teeth. 

Then root length = M + x. 



And 



M = 






p = ^r — Mtt, 



D = MN 



N = 



D 



And X = 



1'5708M 
10 



D, = M(N + 2) 



M "• 



206. Example.— A wheel with GO teeth and Mod. 10 pitch will have a diameter of pitch cirek = 10 x 60 = 600 mm,, atiii 
OfUsidc diameter of 10(60 + 2) = 620 mm., whilst M, the face or height of the teeth above pitch line = ^^^ = 10 mm. 

207. Form of the Teeth.— Geometricians have shown that there aie only two curves, namely the cycloid and the involute,* wk 
completely fulfil the condition of giving the jjerfect uniformity of motion referred to in Art. 200. Teeth of the cycloidal W\ 
generally used in ordinary work, as they cause less thrust on the bearings than involute ones, the thrust being perpendicular to s' 
line of centres at the instant of crossing it. On the other hand, the thrust of the latter is constantly in the direction of the < ^"^ 
tangent of their bases. However, they have many advantages over the former, which make them suitable for use in sofi 
particularly where the distance apart of tlie centres requires to be variable, as in rolling mills, or where great »tre 
practically no back lash are important factors, as in motor-car gears. 

' Befer to the author'B *• Maekine Design, etc./* p. 297. 
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DRAWING 



We will now deal with cycloidal curves so far iia ihvy apply to the simple pn>blems of fonnio^^ ibe teeth of wheels, Nuw, 
if a circle be constmined to mil on another^ auy point in the moving circle (called the rolling circle) will describe a curve. If the 
rolling circle roll outside the 
other, as shown in Fig. 481b, 
which ehoiild speak for itself,* 
or as at I* on circle B, Fig. 
482, the curve PP^ generated 
or described will be an epicy- 
cloid "^ (used for the faces of the 
teeth on wheel B), whilst if it 
roll inside circle A, as at Pa, 
the curve V^Vi is called an 
hypocycloid (used for the Hanks 
of the toeth on wheel A). It 
is a peculiar, and in this con- 
nection useful, fact that, if the 
rolling circle be half the 
diameter of the circle it rolls 
on,thehypocycloid is a straight 
line, in fact, a diameter of the 
pitch circle. This is shown 
both at PaPi and QaQi in Fig. 
4^2. It is often convenient 
^^ use this particular form of 
^he curve for the Hanks of the 
^^eth, as they then become 
^I'iml, as at B, Fig. 487. It; 
'*ii the other hand, the ToUin(f 
^irdt rolls on a straight line, 
*'ff' curve generated is a cycloid, 
' i for the curves of the teeth 
<»i racki. 

Now, let us suppose that 




Fio. iSlB. — Gi^eraiion of oyeloidid cnrvM by rollitig oirolet. 



"^ and B. Fig. 482» are the pitch circles of two wheels which are to gear together, we may, for present purposes, arbitrarily select 

* Befer to sathor's " Eletueuta of Geometrical DrawiiiKr/' p. 182. 

* For macli umiul iuformatioiL rel&tiag to tbe«e curves, aee the aulliof'ft ** Eletnetita of Qi^ometricftl Drawmg^/' p. 177. 
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any size rolling circle to generate all the citrec.$, but it moII be better uDderatood directly that, for 
USE OF TEMPLETS IN SETTING OUT CYOLOIOAL TEETH. 
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Fio. 482. Fig. 483. 

208. Setting out Cyeloidal Teeth, Use of Templets, etc, — la setting out these curves or drawings of 



pmctical reaisons, this roUing 
circle must not in any case 
be smaller in diameter than 
the radius of the pitch ciitle 
of the smallest wheel in the 
train, in this case B ; and if 
condition be sattsfred for any 
number of wheels in a train, 
it is a fundamental fact tLat 
any two will coiTcctly t;ear 
tfjgether, if the teeth be maile 
of the sanu pitch. It will be 
observed that in all cas# 
tlie part of the tooth hehw 
pitch line works only with 
the part al>t:»ve pitch line in 
its fellow, and vice mm^ 
This being so, it is ohvioi 
that we may elect to use 
certain size rolling circle fori 
the flanks of one wheel uf i 
pair, and the same circle fofl 
the faces of the other, acii 
this will enable us to bavi 
Lradial flanks in each whedil 
■wdiicb has been done in Fijf 
482, the hypocycloid TAJ 
and the epicycloid PI\ W^ 
generated by circles of i 
• same diameter, equal to tliflj 
nidiua of pitch circle A 
tlie hyptocycloid Q^^Qa, ^^^ 
epicycloid VV^, m> 
by circles whose di 
the radiusof thepitcbctrclei 
tooth forms the draitghti 
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who has studied practical geometry experiences no trouble, for after geometrically fiiuliug a few points * in each curve, he draws a 
fair line through them, and then finds the centres and radii of cir^'ular arcs that closely approximate to the cycloidal curves, and 
uses them to describe the teeth ; or Willis' Odontograph -^ C4ui be used m ith advantage to find the centres of arcs which will closely 
approximate to the true cycloidal ones, so that all wheels of the same pitch will truly gear with one another When this iristni- 
rneiit is not used a portion of the pitch circle may be drawn to full size on paper (or (:»n a smooth chalked board), and a templet, WF, 
Fig. 482. may he made, formed of wood, say J" thick, shaped to the arc, and laid upon it. In the same way a sagmf Jt of the rolling 
circle, JK, may be made, and a needle driven obliquely through the edge of it, as shown in Fig- 483, its point being made to just 
coincide with the arc at l\ Then, l>y placing one hand on the tempkf, and with the other moving the srf/mcnf (being very careful to 

Prent slippuug), a clean fine line or groove** is made on the paper from I* to 1^ In this case the same size rolling circle generates 
I, as previously explained, but as this is a straight line, and diameter, it is drawn with a straight edge, and Q^Qi is drawn in tlie 
e way, although for both of these the templets are shown in position, to illustrate the priuciple/ 
We have seen that the form of the root of the tooth is influenced by the size of the rolling circle in relation to the pitch circle,^ 
tut Figs. 484 to 486 and Fig. 487 should make this matter still 
clearer. It will be seen that tlie root of tooth B, Fig. 487, is due to 
the straight line hypocycloid. Fig. 485, whilst with tlie smaller rolling 
circle of Fig. 484, we get the stronger root A, in Fig. 487, and the 
weaker root C, Fig. 487, with the larger rolling circle of Fig. 486. 

209. Rack and Pinion, Cn^c (a) Rack working with Single Pinion, 
— In this case i\iQ fmys of the ntck Uefh arc cycloidB, generated by u 
circle half the size of the pitch ch'cle of the pinion. And ihejIanJiS 
of ty rack are hypocycloida whose generating circle is of infinite 
radius, and therefore they cire slrat</hf liaeA primmliruhfr to ih: pitoli line. 




^'iG. 484. 
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So the faces of the teeth of the pinion must be epicycloids, 

' Refpr to tbc author's *' Elt-metita of Geometrical Dntwinjj," p. 183. The circle* BD there nbowti t*aii Jm? replaoe^l by one cut out of fltiff piiper, with equal 
^i^isioiiB iiiftrked on ils eth^e^ equal to thoat' on the arc (pitcli cirele) EUK, Then^ hy rolliu^ ibe paper eircle und using the diviAioiia for poaition points, |k>uj1h 
'ii tlnj ctirvo cmi Ijt' pricked off. 

* Tlui BVfltcra ia founded on true f^eomctricai principles, flrat saggoBted by Euler, and worked out nud prrftrted by Willis. For de«crtptlou of the inatra- 
' njttUDfftetured by Me8ir«, HoltzHfell, see Tramaetitnu J«tf. f7.j^,, >oL ii., 1838. Also, Willis*B "^ Jfecbftuism,** 2Dd edition^ p. 120, or FairDaira*B "Millwork,** 

MLp, m 

MTi' muat be taken to tii tbe iieodle at aut^h au an^jle that it will n*»t M^^rnich (he pap^r^ a fine indented mjirk ia r<'quired. 

* ibiFiUK^ ikeeribed tho eurve«, urea of eirelea are found witb tht' crjtiiimsiiea to nearly coincide with them. Then, if it is a matter of aettingr out the ourvea 
I tlie !rt)uU of teeth of u pattern, or on thi- roiiirh cogs of a whtn 1, n cirelt? wbich i** conceni rie with iht^ pitcli circle and paneea thrtiiigh the oentroa of tho 

lie described, !ind the compaBsea are ailj lifted i*> the radiiw of the arc, and by alwttya keepiii'.'^ oac point in the oirele just dewerihi'd^ two are» are drawn for 
ffiMje of each ItKjth, oot' to the rif^ht, the other t» the h ft, and the operation i^t repeatiMl for the ilaQk», haviug previoualy divided the pilch circle into equal parts 
■»poiidino[ to the pitch, and t}ie thickness of the te( th liaving b&eii marked on tht/ wgH. Then tlieeij arcs serve a« guides iu nhapinjL; or finiiubiiii^^ the acting faceu. 
The teeth of all wheels of thu same pitch that are to gear toilet her, mtifit be fc<^nerat«d by the same TOllina circh, the be»t diameter of which is 2"22p, 

••nleMany wheel in the set has le«» tlinji fourteen teoiJi, in which case the diameter of the rolling circle ahould be ci = J = 0*159Np, where N b the numbt^r of teeth. 



2ir 
h» tbfl fiiDflUcM wheel. The tunalUti nnntber af teeth tbfit can be made to i^nve more or less eatiafaetijry proportions to the teeth of cycloidal piniona ia eleven. 

ttef of the rolling circle in then '^ — - 1 751^. Hut the minimum number should be fourteen whenevt^r practicable, 
.:: 



The 
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generated iviih a circle of infinite radiiis ; and consequently involuted The fianks of the piuion's teeth are hypocjeloids, whose 
generating circle is half the pinion pitch circle. 

Cmc {h) Back working with Set of Wheeli. — In this case the flanks and faces of rack teeth are cycloids, and the faces and 
flanks of the pinioa teeth epicycloids and hypocycloids, respectively, the diameter of the rolling or generating circle for all the 

curves bemg = ,/-. 



209a. Arc of Action, 
pitch circle B, and that E 



i 



Arcs of Approach and Recess. — Lefc us suppose that the rolling circle^ centre C% (Kg. 488), rolls on tbe 
is a fjencraiiiui i^oiiit^ it will describe the hypocycloid FEH ; but if it had rolled on pitf^Ii circle Bj 
the epicycloid EG would have been described. Now, it should be clear that if the two pitch eircles roll on oue another E will 
coincide with G (at the pitch P) when tliey reach the line of centres CC4 ; oonvei^ely, these points in moving back from P, in the 
direction of the arrow, will represent what occurs when the driving tooth EG drives the driven tuoth EF from contact at P to 
contact at E (where the rolling circle cuts the addendum^ circle), at which point mntad ceases, and the arc PE is called the path ©f 
recess, thr poiffl of rouffu-'J of the hro nfnr.-^ heiag nlwayH on t/w eircvmfvrcnee of thr roiling drcle. Similarly, we have at Aj a 
second pair of teeth in contact at that point (the intersection of the addendum circle D \rith the rolling circle R^) where contact 
commences, the driving tooth KAj, iipproachimj P, reaches that point when K and L criincide, tlie aix; A^P being called the path of 
approacL Obviously, the arcs PE, i'F, and PG are the corresponding distances rolled, therefore these arcs are equal, the differeuof^ 
in the lengths of EF and EG being tlie distance tliat one tooth sfida^ over the other in the same time. 

It is an essential condition that one pair of teeth mnst not go out of gear before another pair comes into gear, and this condition 
is satisfied if the pUeh does not exceed either the arc FPL or GPK, which are called the arcs of action. Thsm ares are generally t(htt( 
1^ to 2 tiffit^s (he pitcK 

209b. Obliquity of Action, etc.— In all properly formed teeth iu gear ths nwmal at thr jmnt of mntaet of two teeth always passu 
through the pfVcA point ** P (iis EP docs through P in Fig. 488) ; and neglecting the frit^tiou * of tlie teeth, the pressure Q between 
them is iu the direction of this normal, which makes an angle with the tangent at P caUed the angle of obliquity of action.''' Usually, 
with cycloidal teeth this angle has a maximum value of 30 . It is more clearly shown in Fig. 488a, where QP is the i>osition of the 
normal, when am tact begins, the angle tf decreasing until the point of contact reaches P (the pitch ijoint), when it vanishes,** as the 
normal to the cur\^es at that point coincides with the common tangent to the pitch lines. Fig. 4H8a also shows the direct way of 
detei-mining the path of contact, EPQ, the points E and Q being the intersections of the rolling circles E and E2, with the addendum 
eircles Dg and D respectively. 

* Refer to the antbor's " Machine Design, etc.,'* p. 2(^7. 

* Addendnm, the unme given to the circle of th** tips of the teeth. 

* The condition whicli enaurea tdc cunstauoy of the v(4ocity ratio m ihiii the mmmm% normal (o U(h> UHk at tM point of mntoi^t mutt altmfft paM$ ihrongh th« p*V4 
point Kefer to the author's *' Elt'mtmtm of Geonietrical Drawiiig;* Preb. 201. 

* In caflee where the friction must be reduced tu a miDimum, flnch tia in dclic^ite meclvaDiflms, clockwork, etc., the expedient of ahaptDg the whc^b so Ukfli 
the driven teeth have no faces and tbe dtivinj^ ones no tlnuki^ id oflen employed. C-enhict is then entirely confined to Um period of rece»9. The ate4 of rfcM 
beinfj (hen at hatt e^aifil to thfi pitch. 

* If this be Igbs thiin the friction an£:b\ thnt U, the imgle whose tmigoot h the P&efEeient of friction fi, theire will bo no pre»Burc on llie beftring«. y<^ 
mngh c«Et iton fx = 2, corresponding to u friction angle = ll*^*^. 

-^ T/t£f JM ihe poeidoD of direct thrust, the normnl bnvifig ao oomponenta in the direction nf llic bei»riiig* of the ahofla. 



209c. How Form iBfluences Durability. — The fonifcr the path of cmfad the larfjerifie rmmt 
iind an exaniinatiOTi of Fig, 488a will make clear that the patli of contact (aii<l therefore the workiniij ait; on the pitch lioes) may he 
mcreased either Ity increasiDg the size of the rolhug circles or of tlie addendum circles (imd tlierefore the length of teeth), hut we 
have seen that there are practical limits to the former increase, and the latter of com-se means weaker teeth, other tlungs 

PATH OFAPPROACH a RECESS, Ere. ANGLE OF OBUQUITY OF ACTION, ETC 
CYC LO I DAL TEETH 

-tc 




being the same. ConverBely, the general effect of reducing the size of rolling circles is {a) to decrease the arc or number of teetlTiu 
gear at once, and thereby iftcrease the power the wheel can transmit, also to increase the oMltjaiti/ of acHon for a given length of 
tooth ; (h) to increase tlie thickness of the teeth at the root, and thereby increase the power the wheel can transmit, by increasing 
the strength of the teeth ; (v) to increase the wearing surface, and therefore the durability of tlie wheel It will thus be seen that 
the best size rolling circle in any given case is in the nature of a cum promise, and the rehttive value of each of these factors can only 
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be determined by trial in eacli case. But for trains of wheels such as are used for screw -cuttiog lathes aud machine tools, the 
smallest wheel usually has liO teeth, tlierefore the rolling eirele for all the wheels niay tiave a diameter equal to the radius of tlic 
20-teeth one. Whilst for rough cmae work the smallest pinions sometimes have a minimum of 11 teeth ; on the other hand, the more 
important wheels used for transmission of power should never have less than 24 teeth, which corresponds to the line of contact (or 
obliquity) making an angle of 15 witli the common tangent to the pitch lines ^ (or circles), 

210. Proportions of Varioiia Teeth, etc— In Table 8 we have given the various proportions of wheel teeth in ordinary use. It 
will be noticed that in some respects they vary between pretty wide limits, so it will he as well to explain why this is so. 
Commencing with the clearance, obviously, a wheel cast from a wooden pattern, which has perhaps lieen stored in a damp place iind 
has warped out of shape, and in the mould hfis, by irregular ramming, been still further distorted, will require more ckarmicc both at 
the top and bottom and sides of its teeth '^ than one whose teeth have been shaped or machined accurately to form and size. Thus 
we have (in the second column of the t^ible) a ckaranre of 0'55^ — 045^) = O'l;? in th-c ordhmrtf whech made frmn wood paitem, 
which are almost of the proportions Fairlmrn adopted (third coliimu) in his extensive practice, whilst we see that mtchiW' 
moulded wheela (fourth column) have only O'^rZp - 0'4Sp = 004/; clearance, and that machiae-cut wlieels have practically no 
clearance ^ (eighth column); but of course these are only used under ideal conditions, where it is poaaible to make a pair of wheels 

TABLE B.^-Pro PORTIONS of Vartods Teeth. 



Parte or iMtb 
Befer to F%. 461. 



Pltcli of teetli. 



Commoti MAcbiae- 

[ultem- Fftlrbalnrs muuided 

moulded , {troporUooi. , wb«el». 



Heigbt above pftcli Im© F * 
Depth below pitch Hue R . 
Thick neas of teeth t . * . 
Width of spiiceB S . . . 
Total length / 

Wi<lth of teetli b . . , . 



033p 

0-45/) 
U-55/> 
0-7% I 

2pto3p|' 



p 


I' 
0'3p 


(ysBp 


O'AOp 


0-Ap 
0-48/; 


0'4bp 


0*55p 


0'52p 


0^75p 


0*lp 


lUdius of 
fillet 0*O5p 


\2p to Bp 



Adoock'9 
pTo|»orttons. 



O'^p 

0*4%. 
0'62p 
0-5p 

2p to np 



Moitiw wlieeli. 



025^ 
Olip 
cog, o'6p- iron teetli, U'4i> 
0-4^1 
0-55/> 

2p to 3/1 



Mortise bevel wbeehi. 



M«iclitaep<tit wbaeli 
(UrowDe And Shjupt). 



0'25/> to 0-3/* 

0^'dp to 0'35;i 

cog, o't\p ; iron teeth, O'I^j 

0'4p 

O-b^pto 0*tj5p 



o-aiSp 

0-5p 

o-mp 



which shall always be in contact on both the working faces aud the backs. But it more often happens that the teeth have fro^ 
to ;^" clearance, according to size, etc. When the clearance is small, even with well-formed teeth there is often liability ^ 



1 " 

* Refer to the author's ** Machine Deaig-ri, etc,,*' p. 297, 

* Kefer to Plttte No. 24, iiiithur*fl ** Eletuent<i of Mfiobine Lkmatmctioa mul Drawing,*' 

* Good nmehine'out wheelH can now h& hud at nriceti very litllu abuve IhoftO for wheek with ordiiMiry oa^t 



■ md the time suvcd In fittii 
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TOOTHED GEARING 

_ by tbe cros8 bearing of teeth due to wear of bearings or settlement, or l^y small objects falling into the wheels when ut 

^Brork. As to tbe length of lie teeth, we have seen tbat tbe most suitaljlc is a luatter for Jndgmcnt and experience. It is true that 

long teeth increase tbe arc of contact * (Art, 209a ), and are indeed generally 

required to always remain in working contact at least in one place, when the 

pinions are small. But there can be little doubt that in mill-gearing, and 

similar cases where there are no small pinions, the length of the to4:>th can be 

reduced with a proportional increase of strength ; indeed, the trend of modern 

practice has been for some years in this direction, particularly in the Lancii- 

stire district, and the length of half the pitch recommended by Adcock '^ has 

heen proved by experience to be a perfectly satisfactory one, jjarticnlarly for 

^ uncut cast gears. But tbe appearance of these short teeth to the uneducated 
eye militates against their more general use. The table shows (also Fig, 4811) 
that Adcock made tbe face length 0*2^, and the nmt iemjfh Oop, which allows 
i: , M/om cUm^afWL enongb(O'lp) for good fillets^ at the root, as shown in tbe figure, 



Fia. 4^t). 







TABLE 8a,— DnrKNsioHS of Machine 


-eiT W 


^UEELs (Browne and 


Sh.vepb). 








Pllcb 

tiviinlMr. 

l + Pj 


DlitiietTftl pitch. 
Ko.ofteetli 
^'-Dlam^pltcli circle 


Thick- 
Clfctilar nftM of 
pitch p. ieeth 


Ueight 

*bove 

pitch 

line = ?4^ 


^^ 1 SS. 

1 


Pftdi 
nmnbir. 


nkmelral pitub, 
No. oftoeth 
*^-lHam. pilch dide 


OlrculAr 
pilch p. 


Thlclt- 
nmaot 
teeih 


Height 
tbora 
pitch 

0*250 


MwW 

pitch 
line. 


Toul 
kiigtb 
o!tc«lh. 


t 


2 


6-2S3 3 142 


2-000 


2-314 4-314 


4 


0-25 


0-785 0*393 


0-289 1 


0-539 


1-333 


4^89 2-094 


1-333 


1-543 2-87<; 


5 


0-2 


0-628 0-314 


0-200 


0-231 


0-431 


I 


I 


3142 1-571 


1-0(H> 


1-157 ' 2-157 


6 


0-167 


0-524 0-262 


0-167 


0-193 ' 


0-360 


n 


U8 


2-513 1-257 


0-800 


0-926 1-726 


7 


0-143 


0-449 0-224 


0-143 


0-165 


0-30H 


A 


0'<>ej7 


2-094 11*47 


0'tj67 


0-771 1-438 


8 


0-125 


0'3y3 U-196 


0125 


0-145 


0-270 


^ 


0-571 


1-795 0-81^8 


0-571 


0-661 1-233 


9 


0-111 


0-349 


0-176 


0-111 


0-129 


0-240 


2 


O^b 


1*571 0-785 


o-5m^ 


0-578 1-078 


in 


O-l(M) 


0314 


0-157 


0-100 


0-U6 


21(3 


2 


U'444 


1-396 0-G98 


0-444 


0-514 0-959 


12 


0-083 


0*262 


0-131 


0-083 


0-096 


0-180 


2 


04 


1-257 0-628 


0-400 


0-463 0-863 


14 


0-066 


0-224 


0-112 


0-071 


0-083 


0-154 


2 


0\3n4 


1142 0-571 


0-364 


0-421 0-784 


16 


0-0G2 


0-196 


0-098 


0-063 


0-072 


0-135 


3 


0-333 


1-047 0^524 


0-33:3 


0-386 0-719 


18 


0-055 


0-175 


0-087 


0-056 


01)64 


0-120 


3* 


0-286 


0-898 0-449 


0-286 


0-331 0-616 


20 


0H>50 


0-157 


0-079 


0-050 


0-058 


0-108 



I Hefpr to the uiitbor^a " Muohino DcBii^ti, etc,," p. 299, fuf arc of coataet^ etc» of involute teetli. 
, " The Engineer of 8epteml>er 17tli, 1869, also M. Longridge, has Bbown that oven »boHer teetb* from ()'35 U* u-ip, are better ctilonlated to nmni wear and 
pt Thi« mutter has slm been ably trented bv Prof. Archibali Sharp, o.hu, b.so., wu. a.c,^ in bk paper, ** A New Method of Designing Wheel Teeth/* Fnte. ImL 
^<vr»Lcxiii. p. 2iL 

.. * This fnttterially increases the atreD^th t>r tbe tcnjlh, particulflrly wheu aiibjtctetl to lihocka. In onHm where it b not conaidered ticceflaat^ *«* 
*^c rot»t Itiogih i«f 2p muy be correaputidingly reduced. The table shows that Fairbaira in his oxteuiiive practicu uiicjd a. ^VV&V^V^'^^'V'^*^^^^'^^' 





170 



IVIACHINE DRAWING AND DESIGN FOR BEGINNERS 




Fig, im. 



2U. Qee*8 Buttress Teeth. ^— In cases where a pair of wheels run always in the same direction the teeth may 
strengthened by making their liacks in the form of a buttress, as shown in Fig, 490, the dii\'ing faces of the teeth being of 

the usual form. In this w^ay it is claimed tliat they can be made 3'» pei* cent, 

stronger than ordinary teeth. The back faces may l>e described by smaller it)lluig 

Z/^^^^-^y ///a/ / ^jf^ circles or by involutes uf considerable obliquity,^ but whatever curve is usoJ 

Axy /A "^ ^ <sy y A j-^^j, them, thei'e ih an obvious increase of obliquity wliiuh makes this form uf 

gearing quite unsuitable for use in cases where back lash^ is likely to occur, as 
severe sti^sses upon the teeili, rims, and journals are caused by the wedging action 
of tlie back of the teeth* 

212. Knuckle Gearing, — A very strong but imperfect fonu of teeth kh 
hiucldt gcHring, *>f HoOowB aad Eounda, is shown in Fig. 491. It is soiu' 
used for rough crane work and other slow-moving machinery exposed to mucb 
rough treatment ; and the teeth are fonned by circles struck alternately within 
and without the pitch circles. As might be expected, the velocity mtio \s variable, 
as the teeth come into and go out of coutacL 
213* Breadth of ttie Teetk— When a tooth is engaged with its fellow, and is transmitting power, we have in some positions of 
the teeth in relation to one another ajrpnKvimaleh/ line contact, and therefore there h a li7nit to Ikf alhncahk prcssurr per inch of 

breadth B (Fig. 492) on the lace of the teeth apart from the strength of the teeth, which experience 
has proved should not be much exceeded. Fairbairn agreed with Tredgold's opinion and fixed thia 
at 4U0 lbs. per inch of breadth for cast iron, and in ordinaiy cases this might well l>e taken as thif 
limit.* Obviously the condition of loading of a tooth is that of a cantilever supporting a Ioa«l at 
its free end, and therefore its streugth is directly proportiunal to its breadth, while the pitch an*! 
form remain constant. But, should the axis of the shaft lo which one of the wheels is fixed get 
out of its normal position, due to wear of the bearings at one end or to any settlement, it raav 
happen that the load instead of being distributed o%^er the whole width of the tooth is supported 
at one of the corners ; or it may happen in a case w^here the clearance between the teeth wa^ 
very small, causing them tol>ear on opposite corners, with a straining action enough to cause failure. 
Of course, other things Ijeing the same, the sliorter the abaft the more serious tliis effect; for the^c 
reasons, it is only when there i,s a great probability *»f maintaining contact across the teeth tbat 
_ , the usual arbitrary hrtftdth of 2^ times the pitch may be exceeded to the extent of 3 to 3A times tbt; 

pitch. Box w^as of opinion that the breadth of 2| times the pitch makes the breadth of the teeth for a wheel of small pitch tua 

' ?,^t^ I** ^^^ SngiMiT and MttchinhC* AitUiant. Theu© tenth were fimt «ujtrpeBted bv WilliB, in 1838. Se« AVilli»'a ^* MechttDiam," 2nd edit p, 142, 
' If All the oorTGB be involotoa, n lorg© bftie-circle for Oie working aidea mn i» required, Fig, 490, iind n umoll biie-ciicle for the opposite sidee. 
' Refer to Aft. *^00, fcxitiiote, t t & ^ i * 
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^^sf 'ry'/^i^^^tJ^^^ ^^* ^^ ^^^^ ^^ breadth should not be exceeded in a general wiiy, uncut cast-iron teeth of very jrood deaign, well lubricated, 
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bi-oad, and one of lar^'e pitch too narrow, and recommended that the following]: formula 55hoiild bo used to fix the breadth, namely, 
breadth of teeth li = ^/^ x 1'8 4- \/p^ 

Ttiis gives for 1" pitch, B = 11^^ = 1-H" ; and for a 4" pitch B - "^^-^J*^ ^ 14 4". 

214. Eima of Toothed Wheels, — Figs. 492 to 495 sliov^ the sections of toothed wheel rims in general use; the unit in each case 
is the pitch. Usually fhr thickness of the rim is made cqtml to that 
of the ti'efh, therefore (J '48;) has been assumed in these cases. For 
light work the section Fig. 492 is most suitable, and Fig. 495 
bIiows a useful section generally used in heavy machine-moulded 
wheels. 

216. ShroudiEg or Flanging of Wheel Teeth.— The streugtli 
of the teeth of wheels can be considerably increased by extending 
the width of tlie rim and carrying it ontwaids frotn the shaft, 
as shown in Figs. 49<» to 49S, the object lieiug to reduce tlie rJW'Urr 
length ot the teeth as a cantilever, and thereby increase the break- 
ing strength. Obvinusly, the amount of this increase will depend 
upon the form of the tooth to wldch it is applied, and the arrangement of the shrouding. In the case of a pinion gearing with a 
large wheel or rack, there is a great inequality of strength, the tooth of the pinion being much thinner at the root than that of the 
wheel or rack, and therefore it is much weaker. In many cases the one is only (I 7 the thickness of the other, and therefore has 
only half its strcngth;^ Init it can l>e shown that when this is so, by shrouding tbe pinion up to its pitch line, as in Fig, 497, the 



RIMS OF TOOTHED WHEELS. 

B —=-1 1—^^ <i .45 ° 
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-I&. 402 
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Fig. 493. 
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Fig. i1)4. 
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PROBABLE FRACTURES. 




Fig. 4%.— Sin^'le 
shrouding. 



h'iG. 4i)7,— Double abroud- Fio. 498 — DoiibJo 
iiig to pitch line. ahroiKling. Wliole If-D^tli. 



Ym. 499. 



Fig. 500. 



Fio. 501. 



teeth have aVwut the same strength. Furthei", as the teeth of the pinion are more often in contact than those of the wheel, they 
fiooner become reduced in thickness by wear, and this should be liorne in mind. The teeth of some large wheels are broader 
Ht the root than at the pitch line, and in form sensibly approximate to a parabola; wlien this is so it can he shown that 
tliej^ ai-e practically equal in strength throughout their length, and the shrouding would lie useless if the opposite teeth were 



The strength variei hb iha aquary of the thiokaefls. 
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of the same materml ; but such wheels are sometimes shrouded if they gear with a pimoii of stronger material, a cast-iron wUl 
and steel pinion, for instance, the wear being greatest in the former. And occasionally they are shrouded for appearanl 
sake only. 

Another consideration which influences the designer is, that it may he more convenient to replace a pinion than a wheel, so 
that when the wheels may be subjected to unavoidable shocks, they sometimes sbroud both wheel and pinion up to the pitch line,^ 
as shown dotted in Fir^. 497» or even shroud the wheel and leave the pinion jdain,^ as in Fi^r, 498. Of course, when teeth are 
shrouded right up to their points, as in this figure, failure must occur by shearing, probably along a Hue, dbc, Fig. 501, near the 
pitch line;^ shrouding in this way aliout doubles the strength of the wheel, but, needless to say, only one of a pair can be made in 
this way. It is sometimes only convenient to shroud one side of the pinion, and gear it with a plain wheel or a wheel shrouded on 
the opposite side, as shown dotted at A, Fig. 496. 

216. Bevel Wheels.* — We have seen, Art. 200, that in every pair of bevel wheels we have two imaginary cones (or pitch surf act), 
Figs. 502; 503, and 504, rfdling on one another witli a common vertex a, which is the intersection of the axes of the two shafts, 
When the wheels are the same size and the shafts are at right angles, as in Fig. 502, we have what are called mitre wheels. Fig, 
503 shows two unequal bevel ivlwcis with shafts at right angles, and Fig. 504 a case where the shafts are not at right angles, bu^ 
intersect at an obtuse angle Of* The pitch point ji is in the cofnmon generator tip of the cones, in each case. Obviously, when tl)e 
angle between the shafts, the velocity ratio, and the diamet'er of the pitch circle ^if one of the wheels are given, the pitch cones can 
be eaaily set out* Figs. 505 and 506 are views of a miti-e bevel wheel, and the few following hints bearing on the drawings of 
this wheel may be of interest to the young student, 

217, Brawing Example. Cast-iron Mitre Bevel Wheel — To draw the two views shown in Figs. 505 and 506, which are fully 
dimensioned, first draw the axis AL, and from any ]ioint A, set oflf the pitch line AP inclined 45'' to it; a parallel to AL, and 
distant from it the radius of the pitch circle, will cut this Hue in F, the pitch point; througli P draw DE at right angles to Al'* 
and set ofFE and D the root and point of the tooth from P uu this line. The length of the tooth may be now^ set ofl'froml** 
on line PA, aod the thickness of the rim ECt from G, and finish these parts by lines from the vertex A, as shown, making the 
end of the tooth at F at right angles to the pitch line AP. From K, set off the length of the boss for L, and HL for the 
thickness of the web pai't The centre N can then be found by bisecting the angles at H and L. Tlie vertex B of a cone 
whose side ia DG produced till it cuts the axis AB, can now be found and the arcs I)S, PQ, and ET, forming pail of tbo 
development of the back cone, descrilied, and upon these the true shape of the teeth is set out, as sliown. The circular arc5, nf 
radii 2 J" and IJj" forming the teeth, give very close approximations'' to the true curve^ and the drawings can now be easily fini^he'l 

' Wheels geario^ togetiier that do not much differ in diuratiter may for ordiDftry cases Jie ehroudetl up to the pitch Hne«. 
' Otbf^r t^xpedienls iir« makitiR" the ti-elh of dift'ereut thiekncBa, and the uae of frictioiial slipping devices. 
' Flgfl. 49R ftnd TiOO show at dbe the prokidle linos of fruelure for tb© other methnda of shrouding. 

* Fornaerly, in hirgi^ niaehine eliopa tho long lengths of lini- Bbafting^ nrrangi'd puraUcl t« one anothor at abort intervalu in thv lengih of thf ahopt wereoflH 
driven from a main shaft which ran along the sivle of the shop, by mcanii of bevel whirls; but einoe electric motors have been ao largely usrd, o«rh to drive iiiio|?l* 
line of nhaftiug, Ijevel wheels for fiueh purpoBes have been diitcar^led. 

* We have aeon that wben two ahufta an^ not quiU* in the aaine atraigbt line, nud one drivea tbe other through a Hooke'a joints there may be an nnnnifonnity in 
the motion, and perhaps eiot^s>*ive wear. Hut Unel wheels can someliraea 1© i3«ed inBtead* making a much Ijetter raechanical job. 

** JSjin^h iijc jtaaaea through three points in the iictnal cycloidal curve, this carve ixjirtg llrst geoinetricallv set out for by the use of the odontogroph or templets^** 
^*^**f<'am/fri/ts0ffjffi^ g^ aui/i0f^g ** Elements of Machine Conatrnction and Drawicg/* Plate No. 24, 
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without fuitlier hulp, l>ut it shoiilil Ire explained that as the teeth curves on the elevation are foreshorLeQed, they are di*a\vn 
conventional way skowti l>y the dotted slTcb. 

218* Strength of Wheal Teeth.^ — Having considered how to ohtain the best form fur the teeth uf wheels, we may now pri 
to see !iow their size for any given case may be determined, and this is to a large extent a question of sti'ength, which depends u[ 
(a) the strength of the material, (h) the forces whicli aet on the teeth due to the power transmitted, (v) the way in whieii the teel 
resist fracture under tlie action of the load which conies upon them. First, with regard to (a) the material, caat iron on accoant 
of its cheapness and because it may be readily cast in any form, is used for ordinary wheels ; second, (b) with small pinions, such as 
I are used in rough crane-%vork, only one tooth of each wheel can be relied upoa to engage at once ; indeed, for the matter of thai, 
wing to slight inaccuracieSj and the possibility of the presence of dirt between the teeth, it is j^^ohablj/ never ahmlntcly safe to rdjf 
upon there bcin-g more than one paii* of teeth in actual worldng contact at once»^ whatever the size of the wheels. So, assuming this 
to be the case, we have tlie force P (acting in tlie pitch circle of the driving wlieel) acting as a load on the end of a tooth (as in 
Fig. 488a), ami we may regard the case as one of a cantilever loaded at its end. And, lastly, (c) the tooth, if in contact throughout 
its breadth with its fellow, may break at its root, and the full strength of the tooth is available, or, should the load P on a tooth act 
at one corner only, owing to faulty conatruction or erection, or tn settlement or wear of a bearing^ then the tooth may break along a 
line ah, Fig. 495, making about 45'' with its root.^ We may now examine the strength of a tooth, assuming what we may call tk 
normal case of me pair of teeth in fuii roniad^ taking the proportions we have in the Table (8) for wAtehine-muuhkil wheels, as being 
fairly representativo of good modem practice;' we have the length of tlie cantilever / = 0'7/j and its breadth h say 2*52/, whilst if we 
allow for 25 per cent, wear of the teeth,* the thickness t becomes 0*48j? — Ov12jj = 0^36jt?. Then, equating greatest bending moment 

to the moment of resistance to bending, we get Vi = Zf where Z, the modulus of the section, is ^ , and /, the safe skin stress 

ultimate skin stress , r *i * i «s 3^,000 a^nn iu • u 

'^ factor of safety ' " ^^^^ ^""^ *^^ example ^) -f ^- = 3600 lbs. per sq. inch. 



10 



/. The §afe load P on one pair of teeth (of 1" pitch) = 
And for Two paiis of teeth in contact 



2'5 X 0-36^ X 3600 



6 x07 
P = 2 X 278 :^ 5561bs. 



- 278 lbs. 



' Borne writerB get over thia difHcully by aBftUiniiiji; that eat'b tootli tiikes ttbout Iwo-tbirdB the fttll loud, Imt aiuely it mUijt 6e tith^ om tuoUk or two tttth in i 
and to be on the wafe Bidts we bhull arisiime the former. The student will Tidily hi' able t** make tbt? pToper iiUowanee for any otber ^isfiuiuptiou. 

* It can be aliown tfaat its stiength to resiet fuitore in tbig wfly iri ubout equal i^j that of the tooth with li lireadth of ftljout I'lju, or approxiinately twict' thel 
of thu teetb. By t^omr, a gn-Mier breadth than tbie m not ^eokoai^d to tidd to tbe tmuByerflo reaiiitance of the tooth; but it in Uficcmnty for durability^ »> Uuiil 
mudmtim bieadth that can be reliei] upon under all eonditioDs u twice thi ien^h. 

^ Tbesfi proportioaB are frequcBtly used both for cut and uneui teeth* Wheel teetb are dow made of better form and proportionB than they were yiMUisfo^^ 
an improvement in the uuiformity of loading and Btreugtli. 

* The allowance recommended by Tredgold^ and adopted hy FaJrbairn and Unwin. See Fairhairn*8 " >[ilhvork " vol. ii. p. tit. 

* See Anderson's " Strength of JIaterials/* p. 188. A caat-'irun bar, 1" lung acd I'' e^uare, loaded at iU <^ud aa a ctintile^ur, breaks with about 60<)0 lbs. 



Thea we may take, to find the equivoieiit skiu fitre«B/, 
and with FS (factor uf saftsty) = 10, we get 



1*1 ^ ' 



el 



mm X 6 

1 X V 



= 36»1N)0, 



36,000 



/=-^ = 3600. 
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The student fthoiild now he in a position, in any given case, to decide which of the above values would be applicable. Now, the 
factor of safety part of the equation requires some further consideration, for only tho.se who can iotelligently decide upon its 
allowable value iu any given case can succeed in steering clear of the mistakes wliich can so easily be made, due to the apparent 
want of agreement that exists in the %^orks of various authorities ; so that when the failure of a wheel occurs it is not difficult to 
justify its proportions by reference to some accepted authority. And this is possilile, because frequently the cofiditwm of ru/mifui 
that are assumed are not siUhciently detioed, or are so involved that none but the expert can grasp their true significance and value 
in a given case. Tliis can be better understood by an inspection of Table 9, which has been calculated from the equations 34 and 
35, for the cases of tfur pair and two pairs of feHh iti corUact and fur a range of value of the fador of sa/etf/ used, which satisfies 
most conditions of running in practice. 



TATVLH 9.— Safe Load l\ r«>a CAST-ntoN Teeth of I" Prrcii ani* BaKAorn of 2*5 TmEs the Pitch. Wuex the Puessure rs DraTRiaoTEo 

UNDOBMLY OVEB THE BkEAUTH OP TRE TeETII,' THE l«LTIMATE SkIN STRESS DEIN'O TAEEN AT 3(3,000 LBS, 



Kind of rtronlDg. 


No^oTcMe. 


One pair of ivHh in 
gear §i onoe, P = 


Two pairs, of Iwlb In 
gear It QQce, P = 


Sklnt4re«/lolb«. 


{FM,) Factor of 
MlblytiMd. 


Without shocks .... 


1 


463 


926 


6000 


6 


Very slight shocks . . , 


2 


278 


656 3600 


10 


Moderato shocks .... 


3 


139 


278 ' 1800 


20 


Exoeasive shocks . * . , 


4 


m I 185 1200 30 

1 1 



It will be noticed that the aliove \'alues are for l^readtli of 2'5p, hut of coiu-se fur any other breadth (when P U distributed 
uniformly over it) the vahie of P will be directly proportional to tlie breadtli. 

219. Arms of Wheels, their Shape and Stren^h, etc.— 
Only very small wheels (called |date wlieels) arc made with 
a disc connect in*? their rims to their naves. The nmuber of 



VARIOUS SECTIONS 

^5/i»6D 



OF WHEEL ARMS. 



sums that a given wheel sbinild have is more or less arbitrary, 
their number increases with tht) size of the w^lieel. usnally 
wk*els under 4' baving four, from 4' to 8' six, and 8' to lii' 
*^iglit. Pulleys, or ijuite li;^ht wheels, have arms of dlipticai 
**^cUDn, Fig, 507, and the rn/s^H section. Fig. 509, is largely used, 
^"^'iiiUt tb(* H section, Fig. 510, is more often used for heavi/ wheels; the tee section, rA4, is mmmonlif uml for hetml iohuU^ and the other 




WII3 



XiM 



Figs, 507. 



510. 



511. 



512. 



513, 



514. 



Befer to author*!) " Machine Deaijni, olc.;'* |i. :iia 
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sections, Figs. 511 and 512, are more often adopted for built-up wheels ; and when these wheels have sUd amis the hollow sections. 
Figs. 508 and 513, are generally used. Obviously, when the arms, rim, and nave are cast in one piece, the arms are fixed at both endts 
but if the arm^s nrr in ayiy tray ailarhetj to Dvc^ rim, they are tfmaJii/ treated for strength purposes as being fixed at the nftTe only: 
indeed, for the matter of that, to make allowance for the contraction in cooling stresses, it is usual to assume that all arms are fi.xtij 
in this way. 

220. Naves or Bosses of Wheels. — We have, in Figs. 515 to 521, forms of the naves or bosses of wheels which correspond to some 
of the arms shown in Figs. 509 to 514^ tlie letters A, B, etc., lieing common to both sets. When the wheels are large and heavy i^ 
initial stresses due to contraction in cooling may seriously reduce the strength of the nave; to avoid this they are made in tv<' 
parts and bolted together. Figs. 522 and 623 show the nave part of such a wheel. Or the nave is sometimes slotted across between 
the arms in two or more places, according to the size of the wheel/ and iron plates are fittetl to the openings, a ring of wrought injn 
R being shrunk on each side of the nave to bind the segments finnly together. 

NAVES OR BOSSES OF WHEELS, 









FlOv 515. 



Fro. 516. 



Fig. 517. 



Fio. 618. 



Fis. 519. 



Fw. 520, 



Fio. 521. 



FiQ. 622. 



There ia apparently no very satisfactory rule in general use for the thickness % and length of the nave of a wheel For 
wheels— 

Box*s rule is T = (j7 X 7 -r- 9) + (0125 X D) CIS 

where p = pitch of teeth in inches, and D = diameter of wheel in feet, 

Unwinds rule is T = 0*4v^;"?R + i" 
wliere R is the radius of the pitch circle in inches. 

A pretty general arbitrary practice (when a designer in a particular case has not experience to guide liim) is to make them witi I 
a diameter at least twice that of the shaft at its smallest section (usually at the journal), or, if tf l>e the diameter of this iiari,audtl«| 

* Refer to mithor'« •* Machine Design, etc./' p. 317. 
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fhaft is increased in size at and near the wheel to resist bending* then T, the thicknesa of the nave, is made Jflf. For a parallel shaft 
{he wheel seating is usually llld to llSd in diameter, the length of the nave being from l'5d to l'75d 

221. EiiiLs of Wheeb.— A few typical sections of wheel rims principally for tly wheels, ai^ sbown in Figs* 524 to 536. The 
IS, Figs. 530, 531, and 533 are for belt drives, whilst 529 is for a hand Baw wheel, the arras being staggered to allow for contraction 



pms, 



RIMS OF SOLID AND BUILT-UP FLY WHEELS. 



Ill lira S]CBlffl8-B[^- 



FiQ. 524. Fio. 525. Fig. 526. Fio. 527. Fio. 32*^. 



Ftg. 529. 



FiQ, 530- Fio. 53L Fio.532, FiQ.fjSa. FiQ.iyM. Fiq8. 535, 5S6.— Cottored 

dowel. 



II cooling aod to give lateral stiflhess. The other sections are for fly wheels proper. Obviously, Figs. 528 and 534 are simple forma 
Hrhose moments of inertia can be readily found. Fig. 532 is a section suitable for attaching arms in built-up wheels, and Figs. 535 
tad 536 are two views of a builfc-up rim with cottered joints. 

^ 222. Hoitise WheeU. — When wooden teeth are mortised and fixed into rims of cast-iron wheels designed to receive them, as 
rtown in Figs. 537 to 553, we have what are technically called Mortise Wlieels. The wood commonly used for the cogs is hornbeam, 
!wldch, owing to its strcTigth * ami siri7igg (oughne^f is unBurpmsed by any other for the purpose, although birch is occasionally used 
for cheapness* sake. The taper part or tenor of the wcll-seJisoned cog is driven tight ^ into the rim of the wheel, and usually secured 
by a pin of ii^on (drawn) wire, the hole for which is so placed that when the pin is driven in it tends to draw the cog still further 
Into the wheel. Fig 540 shows a cog with short tenon for fitting opposite an arm.^ An alternative way of securing the cog is shown 
bi Tig. 544, dovetailed wooden keys being driven between the projecting ends of the tenons. A variation in the form of the key 
(^sed on the Continent) is shown in Figs, 545 and 546, whilst in 547 we have a saw-cut in the end of the tenon, so that the end 
*^ay be spread when the pin is driven. Fig. 551 shows how the arms are formed near the rim to allow of the cogs being fitted at 
ttieae parts. It will be noticed that the cog A, Fig. 641, is symmetrical about a centre line through the tenon, whilst cog B (Fig. 
^42) is flush at one of its sides C, which means that the other, the working side, has more material available for wear. When the 
^heel is wide, two or more cogs are used to make up the breadth, as shown in Fig. 539. The usual proportions are shown on some 
^ the figures. When cogs are used there is little or no clearance required between the cogs and iron teeth with which they gear, 
t^Herally the cog is 0^6p in thickness. Figs. 552 and 553 show sections of the rim of a bevel mortiae wheel, Fig. 548 showing how 

I " A eftntilevcT bar of this wood, 1" uquare, V long, breaks with aJboui 1800 lbs. at 1(0 free end (ak>iit three- tenths the breaking weight of tiast iron), 

t ' After the rough cog has boen fitted and drivon into the rim, a lino is scriK^d round tlie oog a uniform diBtutice from the aurf&c© of the rim, and the cog knocked 

f^ when it i« ahonldored with the Wf>od chi&el, so that when it is driven in ftf^ain it can be driTreti right up to the shoulder, aa in Figs. 5S7 to 5i3, or show a uniform 

r^»iwioe, AB in Fige. M5 to 547. Eefer to author'B *' Machbo Doftign, etc.," p. 322. 

I * Befer also to Sheet 39, author's ^* Elemetita of Maehine Coiifitructioo and Drawing." 



DETAILS OF MORTISE WHEELS. 

UNIT = PITCH =/? 




cogs near the arms are eecured by ^ 

Morti'if irheelfi are used with tht object qj 
tludv4/ an elastic medium to redua- th^ i 
iihocks due to an If fUjcd in fh^ /(/mi of ^ 
and to reduce the noise that is eomniOTi^ 
tvkmi ordifHirij iron teeth are runnifujf j 
When the iron teeth of wheels that ai-e j 
with mortise wheels are machine mcniM 
teeth ouly^ as a rule, require filing to elea 
of the sand and make them smooth, but i 
where the wheels are cast from patten 
teeth must be machined or pitched ajid tA 
the rough surfaces being chipped true f 
geometrical form, and filed smooth ; the 1 
teeth then easily wear to the exact form* 
iron teeth they gear with, without their 8t 
being destroyed by the rough surfaces; 
casting. But the steady improvement 
construction of wheels witli iron teeth, 
baa been taking place for some years (j 
larly since the introduction of improved 
gearing), has caused mortise wheeli to b 
paratively little used ; indce<l, // is not o/U 
their ado2}tio7i is 7itm veally necessarff, ] 
owing to the great improvements thai 
been made in the cutting of helical g| 
description of which is given in the a| 
'* Machine Design, etc./' p. 326. 

EXEECISES. 
Desioniwo, ktc. 
]. Set out the pitch circles of a pair of spufl 
velocity ratio 3 and 2. The amaUer wneel baa thirl 
and the pitch is 1|'\ Be careful to give the exact i 
betwoeu tbdr axei. Scale 3" = 1'. 

' Befer aljio to atttbor*t '* Eleaenta of Maclil 

Btruction and Drawing/' Plate No. 40. I 
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CHAPTER XX 



BELT GEARING 

223, Fast and Loose Pulleya. — There ai-e some interesting and important details of these that should receive attention. In Fig. 556 
the shaft A of a machine projects from the frame bearing B, and is fitted with the fast and loose pulleys F and L, the former being 
driven on t(3 the feather K, which fixes it to the shaft, and the latter (hushed with gun-metal) is kept in position by the washer W, 
which is held on to the end of the shaft by the hollow brass screw S, wliuse hall end is drilled and countersunk to admit oil for tk 
bearing; an alternative fitting here being a Stauffers grease-box, A cheaper hut less efficient aiTangement for lubricating is 
fihown at x, Fig. 558, but the tendency of the oil is to flow out of the hole away from the journal due to centrifugal force, whUst, 
if it is admitted from the axis, as in Fig. 556, in flowing outwaixls it passes over the joumaL Fig. 557 shows a part of the rim of 
the driving wheel, whose width must of coui-se be at least equal to both that of F and L, the fast and loose pulleys, Fig. 5o'iy. 
Fig. 558 also shows how a screw D is sonietinies used to keep the bush in i>osition; a more usual way is to slightly countemnk each 
end of the hole in the boss and to burr the bush over, the latt(?r being in all cases a driving fit in the boss. The loose collar C, 
which keeps the pulley in position on the shaft, is fixed to tlie shaft by the set-screw E. When the loose pulley is not bushed, the 
boss is made much longer, as shown in Fig. 559, This figure also shows how set-screws T are sometimes used with feathers, to avoid 
driving the pulley on in fixing. 

In cases where the belt is running on the loose pulley the best part of the time, it is advantageous to make this puUef 
somewhat smaller in diameter than the fast pulley ^ (Fig. 557a). This relieves the tenflion of the belt and the pressure on the 
journals when the belt is running idle. In this arrangement it will be seen that the bracket A has a sleeve S projecting from the 
boss B, upon which the loose pulley L works, the hole throughout the boss and sleeve being larger than the shaft, to clear it, so 
that the latter runs perfectly clear of the loose pulley when the belt is on the fast pulley F, which is coned at its edge C to allow 
the belt to easily mount the larger pulley; Of course in this case the belt, which is driven from the main shaft, is always ronniug. 
Figs. 554 and 555 aie two views of a belt gear for slow forward and quick return motion, which should speak for themselves* 
224, Eims of Falleys or Eiggers for Belting. — As lightnesB aud rigidity am two essential features of these wheels, the rima art 
made as thin as practicable, the inside of the section tapering slightly, as shown in Fig, 566 {which gives suitable proportions), 
so that the pattern may hQ easily drawn from the mould, and a stiffc^ner or strengthening rib S (Figs, 560 to 564) is genenJlf 
used to assist in making them rigid. With wide pulleys the stiffeners are sometimes on the edges, as in Fig, 563, ABd 
when they have double sets of arms these are usually placed somewhat near the edges, as at S, Fig, 564 j but the inner sor&cft 

^ Hefer bo ftuthor'fl " Machine Dalgn, etc,," p. 875. 



FAST AND LOOSE PULLEYS, ETC. 




.S^.- 
A^^ 



^4A 



MACHINE 
FRAME. 




DRIVING PULI.E>. 



554 & 555. BELTGEAR FOR SLOW, 
FGRWARO.&QUICK RETURN MOTON. 



556 ft 5 57, FAST & LOOSE PULLEYS 
FOR SHAFT OF A MACHINE. 



^^^ 



.rof 



•^ 



STRIKING BAR 



.--►;^. 
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567.PULLEY WITH DOUBLE 
CURVED ARMS. 



SEGMENTAL 



nf the rims should be turned 
as near the arms as possible 
to balance the wheel (the im- 
portance of this increasing 
with the square of the speed), 
so this should be a guide iu 
designing them. The thick- 
11688 (() of the rim at the edge 
afl^r turning may be aJTOUt 
/ = O'HT + 000031), for pul- 
leys wliere B does not exceed 
\U to t = 0-7T + 0'0005P 
fur wider pulleys, where T is 
the thickness of the belt, B 
is the breadth of face in 
inches, and D is the diameter 
of the pulley in inches, Tlie 
vridth of belt pulleys is 
usually at least 1" greater 
than that of the belt. or» say, 
width of belt = 0'9B. 

225, Proportiani of M- 
ley Armt. — The arms of pul* 
leys are either straight, as in Fig. 565, curved, as in Fij,*. 566, or douhU 
mrved, as in Fig. 567. The object of curv^ing is to prevent fracture when 
the casting cools, but with straight arms, suitably proportioned and 
with proper precautious taken in cooling, there should be no trouble &om 
contraction. This being so, they should be preferred, as they are lighter 
and stronger, and their patterns are less costly. The section of the armB 
tapers ofl' from the !>oss to the rim in the way shown in Fig. 365. The 
usual practice is to make the breadth and thickness at the rim two- 
thirds the amounts at the boss. Fig. 566 shows how the curved arms may 
be set out. The number of arms is fixed in a somewhat arbitrary way, the 
usual practice being to have four for x>ulleys up to about 24" diameter, lix 
from about 2' to 8' or 9', and eigfbt for larger sizes, ten being sometimes 
used for very largpe wheels. But the breadth of the pulley should properly 



56 6, PULLEY WITH CURVED ARMS 




nwuMJX 



be a factor in fixing the number of arms, and Professor Unwiu gives the number of arms N ^ .^^ + 3, the breadth B and diameter 

D being in inches, and the nearest whole number being taken. The shape of tlie rim section is either elliptical or segmental, of the 
proportions shown in Fig. 568. 

226. Split Pulleys, — Some shafts are bosaed at their ends, and then, to avoid using a^m keyg, the pulleys are often cagt in halves 
and hoi ted together in position without dismounting the shaft. Figs. 569 and 569b show two examples of this class of pulleys/ 
Fig. 569a showing how the joint is made when it occurs between arras. The bolt, or bolts, at the rim and boss should have a total 
net section equal to about 028 to 3 times the sectional area of the rim and boss respectively. In recent years there has been a 
great developineot in the use of wrought-iron and steel pulleys, parfcicnlarly for high speeds and large diameters; owing to their 
Sghtness, and freedom from the ioitial strains due to cooliog which exist in cast-iron pidleys ; they have the additional advantage 



SPLIT 



PULLEYS. 




Fro. oCJO.^'Cii.Bt-iroD split pulley. 



Fig. 5t>9B,— CivHt*ifon splil pulley. 



of not flying to pieces should they be overrun. Fig. 569d shows a pulley of this type ; the boss is made of cast ii'on in two paints 
and the rim in one piece, the ends joined by a cover strip or lapping piece, placed under the rim and riveted to one part and bolted 
to the other. Both joints can lie sprung open wide enough to receive the shaft. The bolt springs in all split pulleys are made to 
grasp the shaft tight enough to give a frictional drive without keys* Fig. 569c shows a Medart's split pulley, wliich has a wrought- 
iron rim, with the arms and boss of cast iron. Fig. 569e shows three well-known forms of steel split pulleys. The arms and rims 
of this type are made of steel, and i\m Ijosses or hubs are either cast iron or cast steeL 

227. Thickness and Length of Bosses or Naves of Piilloys.^There seems to be no well-established rule for determining the 
thickness of the boss (sometimes called the ci/e or huh) or central part of a pulley, as we remarked in Art. 220 in referring to 
spur wlioels. 

^ la quite «ma!l palleya bolts at tlie beta onlf are required. 
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It seems obvious that it should either vary with both the size of shaft aud diameter of pulley, or with both the breadth' 
diameter of the pulley* Unwin * favours the latter, and says the thiekness t of the bosB inay he as follows : — 

^ = 014</BD + i" for single belt (37) 

^ = O-lSv^BD + i" for double belt (38) 

But Box ^ gives a simple rule, which seems to agree very well with the best practice, and his rule is 

i in ^ths = D in feet + d in inches + 5 * , . . . (38a) 

where D and d are diameters of pulley and shaft respectively. The length of the boss is, usually, for Q./ast pulley about f B, and for 
a htcshed loose jndhy equal to B, where B is the breadth of the pulley rim. For details of keys refer to Art. 93, 



EXERCISES, 

Debiqk, etc. 

L A oiwt-iroQ pulley, 5' in diiimett^r, ia to be deai^ed fm an 8" bvm^Iv leather belt; the arms are to bo BtraigUt, itnd ftegmentnl in flection. How manyarau woatf 
you armngtt for ? and what size would yon make them at thu buatj untJ tit the lim ? 

2. Th© skin atresd in the abaft for the |inUt?y iti tho previijua question is 5nO{) Ihs. per si]. inch* and half the power trftoemitted by the ahafl is tfaii»iiW 
by the wheat. What size shaft would be rei^ulrod V and what ihiuknei^ would you make the metal uf the wheel's boss ? 

gEETCHlKG ExitBCiafiS. 

3. Sketch a belt gear suitable for driving a variable speed machine from a mala shaft. 

4. Make a sketch of a safety cap for a gib-beaded key. 

5. Make a aketoh of a pair of fast and loose pulleys, suitable for tiie on the Bhaft of a machino. Be careful to show how the jourual of the lootepoUejii 
lubricated. 

6. Sketch a Ixilt gear for a slow forward and quick return motion, miitablo for driving ii srrew-worked planing machine. 

7. What is the object of curTing pulley arms? When the arms are made straight, what preeautiona ahould be taken in designing and in easting? 

8. Sketch a eaat-iron aplit pullwy* showing— 
(ti) The joint when it oooura through the arms. 
(6) The joint when it occurs betwt^en arms. 



9. 



DfiAWIlfO EXEBCIBE. 

working drawioga of Ihe pulley with ourred arms (Figs. 566 and 367). Give t a suitable value for a single belt. 



' "^lachine Design,'' vol. L p. 487* 
* Box's '*MilI OL-ftring/' p. m. 



CHArTER XXI 

PISTONS AND CYLINDERS, ETC. 

Btion of a Pistoft*— xV piston is a cylindrical Ixjdy fitted to a hollow cylinder in such a way that althouj^h free to slide id ifc 
e action of fluid pi^ssure, as in a steam engine (Fig; 570), or if acting against fluid pressure under the action of a force, 
amp (Fig, 571), practically no escape of the Huid from one side of ttie piston to the other takes place. Usually, when a 
used as part of a pump, and it is pro%ided with a %'alve or valves, which allow the fluid to pass ironi one side to the other 
tton during one of its strokes, it is called a bucket. Ordinarily the piston ia attached ^ to a rod called the piston roi, which 
rough a stuffing box in the cover of the cylinder in 

BUCKET PUMP 
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e piston works, and is used to connect the piston to 
ce outside the cylinder. If the piston be reduced in 
he piston rod increased, until they 8a*e the same size, 
what is technically called a plunf er, as shown in Fig. 
;h forms an important part of t^ie feed pump. 
U pistons (and large ones for the engines of cargo 
here weight is of little importance, are made of cast 
it in engines for large passenger ships^ and all large 

the pistons are made of cast $teel, while in torpedo 
y are made oi forged steel. 

Pistons without Packing* — For some purposes a plain 
al piston, Fig, 573, accurately fitting the cylinder, 
very well, particularly in cases where the resiatant^e 
ie packing would be objectionable, as with the piston 
the skam engine indicator, wliich is without packing, 

"ooved, as in Fig. 574, to diminish leakage,^ and to some extent lubricate the rubbing surfaces 
e used in pumps, and when the piston is sufficiently long there is very little wear. 

donally, in small engluea, the pLaton and rod are forged in one piece. 

grooTOB present an abrupt cbaoge of s^^fcUon to any lltitd paH^ing^ by tbem, and impoau a reaiBUtioe to the flow wiiieh U, no d</ubt, in {lart due to 
9 of fluid preainrti which occurs at each groove. There in VL^iy much to lie mild iu favour of folld piBtous« and thero Beem^ no Batiafactory reaaoii why, 
ate work, suitable fitSt large bearing surfaces, and highly fliiitthed surfaces, they should not be more generally used, piirticulttrly for vortical «Lxs.5ean 
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290. Flilm fiddlga^ — A pUio or solid piston (one withattt packing), let it be ever so well proportioned or fitted, sooner or 
later beooDMl laikVf m, to preveut this, the piatons of heat engines are packed with metallic spring rings, many fonns m\ 
tntttg^menU of which are in use ; indeed, of pistons of steam engines alone, there are endless varieties, due to efforts maile in 
mdetroariiig to produce a [perfect piisUm to stand the high speed and pressures in common use now. Notwithstanding these efforts 
it is iftb to assume that tha last word has not been said in piaton design. 

A fOid or idsal piston sboald be designed and oonstructed in snch a way that it is sufficiently strong, keeps steam-tight for a 
eonsiderable length of time, has comparatively few parts, its bolts and nuts being secured against working loose, and the piston as 
a whole to work Hil<?ntly with as little friction as possible ; steam must not pass the rings at their joints, or find an easy passage 
beneath the rings and add its pressure to the normal spring of the rings against the cylinder walls, for if this occurred, the S ar 4 
Ibi. per square loch between the rubbing surfaces, which is found to be all that is reciuired when the rings fit the cylinder accurately, 
would \iii increased to some ten to fifty times that amount, with consequent undue wear and great loss of pawer. Indeed, the 
p/cMMiir*! of the rings against the cylinder should never exceed what is allowable between rubbing surfaces under the conditions of 
lul^rication and speed which prevail. A skilfully designed piston, worked with ordinary dr}' steam, should he efficiently labricatc<l 
by lbs condensation of the steam on the rubbing surfaces alone ; but of course all pistons are lubricated with hlgh-fiash oil when thfi 
stsam is iuperheated. 

With Umtn*' j>cjint« before us it will be convenient to deal with the characteristic features of the best known pistons by grouping 
thinr like jiarts and features together. Commencing with the packing spring rings, the simplest of these, used for locomotives and 
(ith<jr quick-running t^nginas, are Bamibottom's. They are made either of very tough close-grained cast iron, steel, gun-metal, or 
PiirkiiiH' * anti-friction metal; cast iron (which works better than steel on the cylinder surface) being most commonly used for 
cylindiirH of all iti^es, and steel for locomotives. These rings are made rectangular in section, as shown in the five Figs, (for small 
and mt^liurn si/e pistons) 575 to 571*, to tit separate grooves turned in the solid piston, there being two, three, or more grooves 
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FiiJ. 578. Vm, />7it. Fn;. TiSO. 1^'iG, a8h Fig. 582.— Mndd^a. Fig. 5S3, Kia. 5^4.-— Buddej'a^ 



according la tUn fluid pHmHum and dijpth of pitttoiL la the simplast arrangementa the rings are iurneJ solid to a diameter atoat 
,',, grculi-r Llian thai of the cylinder, and tliey are cut and the ends shaped to overlap, as in Fig. 602, or a piece is cut out and the 

* Hefur to Art. 177. 
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ends filed to an angle, as in Fig. 599. They are then carefully sprung over the piston into position,^ and when the piston is placed 
in the cylinder they press against the bore or walls with siifticieiit force to make a steam-tight joint. Fig. 579 shows an arrange- 
ment for admitting steam to the back of the rings (to increase their fluid tightness), which has been occasionally used, Imt this 
principle, which answers so well in the leather collar of a hydiaulic press, does not api>ear to be favoured by those who have tried it. 
37t€ size of ikmt rings may be: thickness from 0'025D to 003D \ and width OOSD to O'OGD, where D is the diameter of the 
piston. Kings fitted in the way described are, when sprung into position, obviously not circular in form, and until they have 
become well bedded by wear will allow a small leakage to occur. For an ordinary steam cylinder this is of trifling importance, but 
in an internal combustion engine it would mean a loss of compression, and rings for such cylinders should be, after they are split 
and the ends drawn together, turned on their outer edge so that they exactly fit the cylinder.^ Even then there is not an equal 
pressure between ring and cylinder wall all round, as this can only be secured by making the ring of varying thickness.'' An 
approximation to this ideal condition is sometimes secured by making the ring eccentric in form, the thickest part being 
opposite the joint, and 1^ times thicker than the thinnest part. One of the disadvantages of Ilamsbottom's rings is that they 
cunnot be got at for removal without drawing the piston. To overcome this objection, and t^j allow of larger rings beiag used than 
could be sprung over the body of a piston, a junk ring^ is used, as shown in Fig, 585, and this ring is sometimes made for large 
pistons of the form shown in Fig. 587 to overcome the above objection, Tiie figure shows four eccentric rings at their thickest 
sections* In small engines sometimes the junk ring takes the form of a cover, which is held on to the piston by the piston rod nut, 
as shown in Fig, 580, or the piston itself is made in two parts A and B, Fig, 531, with the joint at the centre C, the parts being 
held together by the piston roil, as in the previous one.^ It will be noticed that these two pistons have their rings backed up by 
spring rings S behind them, which are fitted in the same way, the pressure they exert on the outer rings makes the latter more 
effectively steam-tight ; and Fig. 592 shows how the rings may be reinforced by the acting of a spring S and wedge W, For pistons 
of larger size these spring rings are not very efficient, and the old method (not often used in new work) of dealing with the problem 
was to press the piston ring against the cylinder wall by a number of dished springs or coach springs S, Fig. 59Cf. The chief 
objection to this arrangement is that it is not possible to set all the springs so that the pressure on the ring is uniform, and being 
always in motion whilst the engine is running, the springs tend to wear themselves (as well as the piston) away» and furthermore, 
in horizontal engines it is important that the piston ring shall follow the sides of the cylinder freely, or, in other words, float, which 
it cannot do if the springs react from the piston body ; moreover, the range of action of this form of spring is very limited. To 

^ In the caae of caBt-irou and aDti-ffiotion ringa, tbit must be done with great ©are to prevent tliom breaking. No mutter how carefullj they have been jointed » 
there 1b often a alight leakage at tht- joint To reduce thia, the joints in the Afferent riiiga Bhould be kept aa fur lipart aa poaaible. Stop pitis are aometimea uaed near 
ilvt end§ to keep them in anch positiona. 

• Of oourae^ thia ia alwa5B done with larger piatoiiB fitted with junk rinp. A piece of paper iw placed between the junk ring and piston ring or ringa, and the 
whole ia acrewed up tigLt, gripping the piat^ju riuga bo that tbey can he turned aod accurately fitted to the cylinder, after which of oourse the paper ia withdinwD, 
Of oottrae, with ringa for the aolid pistona referred to aboTc, they are held iu a auitable lathe chuck. 

• Refer to Unwin'a "• Eleroenta otMdebine Design,*' Part IL p. *i55. 

• The early engineere, in dealing with Mearn al toto ortsMurts, packed their pistons with hempen rope aoaked in tallow, which they called jonk, and thoy uaed a 
tifig to tighten it up aa it becanu- worn, or to allow of its being removed without drawing the piston. And although we now uae for att^am purpoeea metallic pocking, 
we retain the name of the ring. 

^ In all these pUfcooa the rioga must Ije fitt^^d, either by very accurate turning, by scraping, ar by griadiog, tK> that they are steam-tight between flange and ring^ 
^kboogb free to move Ijetween them. 
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overcome these objections a number of expedients have been employed, thii8 in the Cameron piBton, Fig. 591, we have a corru^ai 
ribbon of steel pressing the piston ring out, the lateral or radial pressure being ol>tained l\y the resistance of the spring to being bent 
into a circle, and by the almost uniform pressure exerted by the corrugations when the ends of the springs are pressed apart, by 
packing pieces between them, without the spring touching the body of the piston. With this arrangement the piston ring can be 
comparatively thin, enabling it to conform to the shape of the cylinder when worn. Another arrangement, similar in principle, 
which is very generally used, particularly for low-pressure marine pif^tons, is Buckley's, shown in Fig. 584 (fitted to a steel piston), 

FURTHER EXAMPLES OF PISTON PACKINGS. 




Fig. 585. 



ViQ, 586. 



Fig. 587. 



Fio. 588. 



Fio. 589, FiCt. 590.— Coach apringa. 



Fio. 59 L — Cameron ^B. 



A fattened helical spring is so placed behind the inner slanting surfaces of two rings that it presses them out against the walla of 
the cylinder, and also down and up against the flange of the piston and of the junk ring. The same action is provided for in Fig. 
586, where a helical spring of circular section is used. In fact, it has long been understood that wear 7ii}t only takes plac€ hiwtm 
the ring mid ct/Hmltr walls, but also between the edges of the H7t>g and the fiance of the pisto^n and of the junk rinfj, a very slight amount 
of play soon developing into a large degree of slackness, due to the continual concussion on change of motion at each stroke. Thus 
we have, in Fig. 583, Glaytoa's and Goodfellow'a piston for mill engines, with a spiral spring H made uf strong cast iron, and cut out 
of a ring of the metal, having four or five turns, being coiled inside the piston rings, and so shaped that, by wedging, it acts in the 
double way just described. Mather & Piatt's, i'ig. 589, is another piston where this principle in a modified form is employed, the 
spiral hoop or spring being sometimes made of steeL These forms have on the whole given much satisfaction, the objection some- 
times raised against them, that no adjustment of the spring is possible, and that therefore it is always exerting its maximum 
efiTect, does not appear to be an important one. It should be understood that the chief part of the elasticity of the spring i* 
exerted in pressing the rings against the junk ring and flange, and tliat the friction so caused helps to prevent modue pressure on 
the cylinder walls when first fitted, and there is sufficient of it when the cylinder is worn. Closely allied to these in principle i^ 
ITudd's arrangement, sho%vn in Fig. 582, two rings each 2" x 2" (for all sizes of pistons from 18'' to 80" diameter) are pressed against 
the flange and junk rings by a number of helical springs, placed as shown, and separate helical springs (not shown) are applW 
tangentially at the joints of the rings to pi^ess them against the cylinder walls. 

2S0a, AUen'a Piston.^ — This invention is a radical departure from ordinary practice of great promiie. The rings are each utf* 
in three pieces, and their opposing ends are carefully fitted to cast-iron expanding pieces, the inner ends of which fit into hol«6 
drilled radially into the piston. Internal springs keep these pieces up to their w^ork, and thus furnish the pressm-e to hold tw 
rings against the cylinder walls. Should experience prove that pistons of this type are free from internal trouble when worked p/ 

* Manufactured by Messrs. Ancn mid Simmotia af Reading. 
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superheated steam or gases of high temperature, there \rill probably be a great future for them and pistons of this type, notwith- 
standiog their cost. 

231. lump Bucket PackingB,— The buckets of air pumps (and occasionally circulating pumps ^) are packed either with wood 
staves or with cotton or hemp, usually with the latter. Wlien wood is used^ lignum vit^ is preferred, ns it works well with the 
brass barrel. Figs. 593 and 594 show how small buckets are sometimes fitted; in the latter we liave two rings, each being made 
up of a number of blocks, breaking joint with those in the other 
ring. Fig. 595 shows, for larger buckets, another way of breaking 
joint to prevent leakage ; the staves A have keys B let in them 
where the joints occur, and two stifi* rubber tubes D with a distance 
ring C are squeezed in to act as an elastic cushion at tlie back 
to keep the bucket tight as weartakes place. \^1ien wood packing 
is used it must be very carefully fitted, and there must be clear- 
ance enough to allow the wood to swell when it is wet. A simpler 
and very effective packing is the hemp or cotton rope one, Figs. 
596 and 597, It will be seen that the flanges of the bucket have 
been grooved and drilled at PP to allow of the ends of the rope 
being pegged in and held secure. In Fig. 598 a junk ring is used, 
but it is not intended to adjust the packing, but merely to keep it in position ; it is screwed down firmly to the bucket, 

d of the packing is about 0*1 diameter D + 1"4, and the thickness t of the packing 2^^ r* 

232. Piston Eing Joints. — We have seen that iu small rings tlie joiut is made as shown iii Fig. 599, and that, when the rings 
are made to break joint, very little steam passes them. But with large rings, some kind of tongao or stop piece, oflfcring a harrier 

PISTON RING JOINTS. 




Kio. 593. Fw. 594. 



Fio. 596. 



KiG. 597 



Fio. ,198. 



The depth 
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Fto. 599. 



hhQ. GOO, 



Fig. 601. 
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¥m, 602. 



Fio. 608. 



Fig. 604. 



"- — h 
Fig. 005. 



3i_j 



the Joint to the passage of steam, is used ; in Figs, 000 to 605 several of these are shown ; they are made of brass and are screwed 
' llie ring by countersunk lieaded screws, and tlie drawings should speak for themselves, 

233* Guard Eings and Bevices.— Every nut and screw about a piston must be so secured that it is impossible for it tri work off 

* There is not much neoewity to pack these for Marine parpo8e«» as the water ueuaUy Aims freely into the pump by >^vity, and the pump runa too tn»i to alla^ 
^ iHQoh lenki^ past the pUton if the latter be weO filled. ThuB the fricdonal resiBtanoeB are aensibly reduced when no paeking ia uted. 
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and do serious daioage to the cylioder cover, or to the piston itsell Some of the fittings used to secure or lock nuts, etc., are ahown 
in Figs. 606 to 612. One of the simplest is to mcess the junk ring, as in Fig. 606, so that the nuts are tiush with the top of the 
ring, and then to prevent rotation of the nut by a hrass screw in contact with one of its sides, and screwed firmly home ioto tte 
junk ring. 

Figs. 607 to 611 show different fomis of guard rings, most of which are held to the junk ring by small studs fitted with split 

GUARD RINGS AND DEVICES. 





Fifi. *>U), 



FtG. eoe. 



Fiti. ('07. 



Fio. ms. 



FiaCU. 



Fio. 611 



pins. Sometimes these studs are made (as they should be) with square shoulders, fitting in square holes in the rings to > 
rotation. Fig. n09 shows how the stud itself is in some cases made with the upper part square, the guanl ring Glv yn \ 
rotation of the washer W, into which the stud fits. 

A neat, but rather expcDsive, arrangement is shown in Fig. 612, where a dove -tailed plate P is placed in the recess 11 and shd 
into position over a nut towards the left, and held there by the brass screw S^ the circle around the hohUog-down screw showing the 
clearance for a box spanner. The other devices shown should need no further explanation. 

234. Connection of Piston to Piston Bod. — ^Small pistons that are not likely to require removing from their rods are sometimes 
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f^^^^^ 



Fio. 613. 




10. €18. 



Fio. 6VX 



Fig. 620, 



Fio, C21. 



Fm. ^tt 

attached to the latter, as shown in Fig. 613, the rod being accurately turned to fit the hole in the piston and riveted over, forming 
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IRON PISTONS. 



mtersunk head. Another simple coimection is the screwed one, Fig. G14, The end in this ca3e is also slightly riveted, but only 

mgh to prevent the rod unscrewing. A combined cone and screwed end is shown in Fig. 615, with the set-screw shown to pre- 

ifc unscrewing. Figs. 616 to 619 show forms often used, the one in Fig. 618 having its nut held by a safety washer, one wing A 

wliich is in contact with a flat on the side of the piston boss, and tlie other B with a side of the nut. The nuts in Figs. 616, 617, 

i 619 are secured by sjdit taper pins, and these are also used in Figs. 620 and 621, which show how pistons are fitted to tandem 

|8» Fig. 622 also sh<iws a tandem rod, but the piston is held on in this case by a cotter. It will be noticed that the angle of the 

►er or conical parts varies 

isiderably ; in practice 

\ taper ranges from about 

n 4 to as little as 1 in 20. 

jton rods are occasionally 

lUred to lai-ge pistons, as 

>wn in Fig. 623, by a 

ige, which enables the 

ton to be very easily 

iwn, but the nuts require 

II locking, 

236. Proportions of 

it-iron PistonB*— A very 

iple form of cast-iron 

ton which is largely used 

diameters up to about 

IB shown in Fig. 624, 





Fig, <i23. 



Fio. ()24. — Small cast-iroQ piston 



I 

Fta. 625.^-1 MTge coat- iron pistott. 



the following Table 10 gives suitable dimensions. 



It will be seen that the junk ring 



takes the form of a cover, which 



TABLE 10.— DraiENSiONs or CAflT-iaow Pistons* up to W Di.\meter, (Fig. 624.) 
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is held in position by the piston rod nut, as explained in connection with Fig. 580. Fig. 625 shows a section of a 
oast-iron piston. This type Is often fitted with Samsbottom rings, as shown in Fig. 587. The thickness t of the ribs an( 

upper and lower walls may be from about ^ + 0*4" to j^ + 0*4", the lower value being for the low-pressure cylinder. To e 

the walls to be strong enough between the stifiFening webs or ribs W, the number N of the latter should be at least as follows :- 

N = 4 for D = 12" to 24" N = 6 for D = 24" to 40". 

N = 8 for D = 40" to 60" N = 10 to 12 for D = 60" to 80". 

And the other main proportions may be as follows : — 
rfi = 1-5K to 1-7K, T = 1-4K to 1-7K (for values of K refer to Table 11). Diameter of junk ring bolts = O'lC + J"; pitch of 
ring bolts, about 10 diameters. 

/- I> 

The coefficient C = Vp + 1 X gQ 

Where p = JuUf boiler pressure ^ for high-pressure pistons, quarter boiler pressv/re for medium-pressure pistons^ and I 
pressure -r ratio of low pressure to high pressure piston diameters for low-pressure pistons. 
The thickness of looomotive pistons usually = diameter x 0*28. 



TABLE 11.— Values op Cokfticibnt K fob Pistons.^ 
(Admission pressures in lbs. per sq. inch, absolute.) 
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^ Beaton's ** Marine Engineering." 



> Dr Bauer's ** Marine Engines and Boilers.' 
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236, Cast-steel PistoiiB,— We have explained (Art. 228), that in cases where weights must be kept down, cast steel pistons ai-e 
sed. They are made conical in form, as shown in Figs. 626 and 627, which gives strength and rigidity, so this, with the additional 
iTBDtage of the stronger material, reduces their weight 
>nie 30 to 35 per cent. Fig. 626 shows such a piston 
Taoged for Raftisboito77is Ri}i{/s (shown more in detail 
I Fig. 587), the projecting shonlder P on tlie boss 
useful in lifting the piston. To prevent rotation 
■ the rod when screwing np» a snng S is used. Fig. 
27 ia a fonii which, when fitted with Buckley^a 
icking (Fig. 584), is lai^gely used for low-pressure 
istons. 

The following are auitable proportions for cajt-steel 
[stoiLS (for values of coefficient K refer to Table 11) i — 
leight of boss h (Fig. 627) = 1 IK ; 

■ diameter of boss f/2 = l*71v ft>r small pistons, 
and 1'5K for large ones and light engines. 

The dimensions k, b, and f, in engines with several 
blinders are usually made the same for all pistons. 

The thickness /, measured on the centre line, = K >< e, 
le following being the values of the ciiefficient c \ — 

For flat pistons, or for inclinations from 0" to {1°, ^ 



^ 1 



For slightly covered pistons inclniafcion from 6" to IH°, r=0 85 to 0'95 

• „ ^ „ ,. ., „ 18^ to 28^ c = Q'75 to 085 

n 28°to 35^ c = 0'65 toO-75 

And the thickness a measured at the side of the piston ^ 0*45i to 0'55v 

2S7, Cylinder for Steam Engine (Drawing Exercise). — In Fig. 628 is shown the elevation and sectional plan of a cylinder for a 
»rizontal steam engine; with deLail drawings of the cylinder covers, slide valve, glands, and bushes. As a simple exercise: — 
luUuctioiLi. — Braw tbe section of cy Under on AE, aaaembUn^ the slide-valve oorers^ glaDiip. etc., aa in acttia) use. Somle 3 inebti = I foot. 

238. Tlie following is a more advanced exercise:— 

Initraeliona.— />rfjir the «f^1ion of Hi/' ojliTui* r «m AB, with all purta Assembled in pflsition : and in projection i'mm it n vertical Bcction, tnlceii on the hm^ EF. 
LtiDg the valve cim with ii ^nit^bk^ cover. So ale 3 inche» ■- 1 foot. 

239. Firtons for Internal Combustion Engines. — ^Theae pistons are mud© of cast iron, and, as they are used with single-acting 
igines/ it is convenient to make them long enough to also act as a guide for the connecting- rod end, aud to receive its angular 

' Prpssurc! ou one Bide i^f tlie jii^lon only 
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Fio. 628.— Cylinder for horizontal steam engine. 



S ection of Cylinder o n A B 
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at. The pistons being hollow with open ends, tliey are commonly called tfunlc pistons. As the closed end during the explosion 
olce is in contact with the burning gases it should be made a shade smaller ^ in fliameter than the body, so that when at work it 
* the cylinder uniformly from end to end. Fig. 629 shows a piston suitable for a ym engine. The usual average proportions being 
^en in terms of 1) the diameter. For high-speed engines L = D to 1"6D; for large engines L = 1*2D tx) about I'Tn; whOst for 

►^11 engines L ranges firom 1'4D to 2"25D, It is packed with Ramsbottom's Bings, whose number is usually about ^ , with a 

^^imum number of three. Fig* 629a gives suitable average proportions for pistons of petrol engines. The gudgeon pin GF should 
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Fio* 629.^GAa engioe pistou. 



Fio. 629 A«— Petrol enginci piaton. 



^'ve for both cases such diameters and lengths that the maximum pressure 
^^8 not exceed 800 to 1000 lbs, per sq. inch of projected bearing.^ And 
^y should be checked for bending,^ when the maximum stress for steel 
i^uld not exceed 15,000 lbs. per sq. inch. 

240. Fiiton for Petrol Engine (Drawing Exercise). — A plan aud sectional 

feivation of a petrol engine piston are shown in Fig, 630, 

iMtmction*.— Draw these two Tiewa, ftnd a complete elevatioa. Also stow m detail, by 
!^«mte dimwingB, the Bei-screwB and gctdgOQii pin. Be ale fiill sise. 

241, Cylinders for Petrol Engine (Drawing Exercise},— An elevation and 
Cstdonal elevation of a pair of cylinders for a petrol engine are shown m 
^gB. 631 and 632. 

t» AbotitO'tUD" emftller. 
^ The area of the gudgeon {lin ii ofton twice that of the crank, the latter bein^ inbjeeted te a maximum preBanro ef 1000 Iba. per aq. Inob. 
* See anthox'i ** Machine DoBign, eto./' p. 510, 




Fra. 630.^ — Pifiton for petrol engine (Drawing Eieroi&e). 
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PAIR OF CYLINDERS FOR 20 H.P. FOUR-CYLINDER PETROL MOTOR (Drawing Exercise). 




Fw. 681. Fio. 632. 

InitrnetiaiK. — Drvjn thone viewR, and fin>iD the elention project a leotionsl plan : half nf the plan baing a leotion Ihrongb the exhaost and inlet opening ^^ 
a iiomuntal i-uttingr plaue. Scale tail liie. 
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242. Piston Bods. — We have seen that usually piston rods at the piston end are formed with a taper and attached to the piston 
by a nut or cotter. In some types of engines, such as marine^ we Iiave the piston rod forged to the cross hea<l» but when not matle 
in this way the rod usually has a taper end fitted into the cross head, the large diameter of which is rather less than that of the body 
of the rod, which allo%vs for the re-tnrning of the rod without interfering with the fit in the cross head. The mat^^rial ^ in common 
use for piston rods is almost exclusively Siemevs-Martin Sted, excepting for warships, when crucibk qt nickel steel is often used. 

EXERCISES. 

• 

1. Referring to tbe piitOB ia Fig. 624, determine for odo of 16" diameter (by u&m^ the dlmofieionB in the table of proportions) what the streaa in Hip ro<l, and In 
the screwed portion of thf* rmi, waulil be dn<? to a pn-Banie on tiie piston of 140 lbs. per sq, ineh. 

2. Miike a aketcb design of a petrol engine pist<in (Fig, <J2f»A). Diameter 4J"; the maximnm presBure on the piston mny be taken at 200 Ibi. per aq, iixt^h, iind 
the niaximiua pressare on the gudgeon, lOUO \\m. per gq. inch. ChcKiae yoor own working ai^om for the g;ndgeon pin, 

Draiv iko. 

3. Make working drawings of a oaBt-iron piston for a IG" ojlmdor (Fig, (324). Scale bnlf «i:$e. 

4. Make oomplete drawings of a petrol engine piaton. Diameter 5", length of piston l'\ diameter of gndgeon pin 1|". Scale full siae. 

5. Show by sketohee Mndd^a, BnokleyX (^nd Cameron's piatou p«K)kiiig. 

H. Sketch two different ways of paofctn^ an »iir-pnmp backet to make it watertigbt. What preoftutions ranfit be taken when wood packing i« used? 
7. Show three difieff^^nt way« of tirranirin^ the joint in n piaton ring to prevent le^ikage of ateam past it* 
B. Sketch three di0'erent ways of prtiventiug tho pieton j tinkering screwf^ from working loose. 
9. Yon are In ahow by akijtobefi bow a piston is attactied In its rod in the following i!aaee» : — 

(a) By eonivtt the end of the rod and uning n nm. 

(by By flanging the eod of Ibe rod unfl boiling the pifit<»n on to it. 

{n) In the oaHG of a tnmh^m engine, attacliing tht? platon to a coned part of the rod by means of a cotter. 

10. Make a sketoh of a small I'liat^irtin pistoii. 

11. Sketch a oastrsteel coni<?ul pi*iU>ii,«ni table for very large enginen. Wbal. la Ibe object of making a piHton nonicnl form? What angle of the cone gives 
th«hghtest piston? 

12. Make a sketch of a piston suitable for a petrol engine. 



* Formerly piston rods werf> utade of terap trim /f*fging of the highest qaality, but this had a smaller strength, and was, owing to its llbromi c*baracter, liable 
*** ifear in rtdg^M ur fiute*. 
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CROSS HEADS AND GUIDES 

248. Cross Heads. — The part of an engine which connects together the piston rod and connecting rod is known as the crass head, 
is so formed that it is guided or constrained to move in a straight line by the parts called slides. Cross heads are made in a gn 

variety of forms in either wrought iron, mild steel, cast iron, 
cast steel. Some representative examples of types used 
stationary engines, locomotives, and marine engines are sho^ 
in Figs. 634 to 672. But, before we proceed to touch on the 
attention may be given to the forces acting at the cross head. 
244. Eoroes acting at the Cross Head. — ^Fig. 633 is 
diagrammatic drawing of a crank and connecting-rod aixang 
ment. A being the cross head, AB the connecting rod, I 
the crank, and B the reaction of the guide on the cross hea 
which is a maximum when the angle ABC = 90^ ; if the steai 
cut-ofp does not occur before that position is reached. U 

P = the total pressure on the piston = pO\, V being the steam pressure per sq. inch, which we may assume to be constant ii 

this case, and we may neglect the inertia forces. Then, the triangle of forces shown (in which ah represents P to a suitable scal0> 

gives as the magmtude of B in terms of P, for p = ~i- 

But, by similar triangles, 




Fn.688. 



therefore — 



B 
P 



BD 
AD 



BC 
AB 



L 



I 



Let iT = n. 



then E = Pm 



(39) 



P~L' 
So, by decreasing the length of the connecting rod we increase the pressure E on the guides,^ and this explains one of «• 



orB = |;. 



For other relative poaitioDS of orank and oonnecting rod it can be bUowii that R = P 



sin 



V(»'-8in«e) 



* 



CROSS HEADS AND GUIDES 



m 



ijections to short connecting itxis. 
P tan ^. 



And the ahove shows that for any angle ^ the connecting rod makes with the horizontal] 



tbermore 



T 6c AB 

P = aJ = AD = ''"^°^* 



.'. T = 7» secant ^ 



(-10) 



V///////^//f/£^ 




^\i\\N\ss\^\*^\\^ 



WA^/////A 



I'ornct arrangement. 




f 

I 245. Position of Gudgeon or Cross Head Pin in Relation to Sliding Surface, — ^We have seen in the previous Article that in every 
Be there is a certain position of the cross lieatl which eorresiwnds to its greatest pressure K on the guides. Now, obviously the 
58t position for the axis C of the gudgeon pin, Fig. G34, in relation 
I the sliding surface DE of the cross head, is such that it is midway 
stween I) and E; the pressure is then evenly distributed over the 
idiug surface ; but cases sometimes occur where it is convenient 
mt not good practice) to fix the gudgeon pin out of the centre. If 
us is done and C is over B, then it can be shown that the maximuui 
reBsnre on the slide occurs at E, and that it uniformly taj^ers ofiT to 
[>thing at D. Or^ of course, should C be over A, then the maximum 
ressnre is at I), and there is no pressure at E. Fig. 63i^ shows a 
Bry bad case, the gudgeon pin overhanging the sliding surface, 
lid the force K, acting through C, is tending to tilt the cross liead 
[>ut E, causing an upward pressure at I>, and a bending acdori on the piston rod, 

246. Types of Cross Heads, — ^We have remarked upon the fact that there seems no end to the number of different forms that 
bigners have given and are giving to cross heads, and it is hardly possible to classify them in such a way a^ to say that this or that 
ticular design is a locomotive one or a marine one, as the case may Ije ; but still, for our purpose it will be convenient to group 
under the headings of stationary engine, locomotive, and marine. Comuioncing with the atationary types, we have, in Fig* 636, 
1 pie and inexpensive ffjrm for small engines, the sliding surfaces l>eing turned and bored. Although mostly used on cheap' 
Lies, there is an increasing tendency to use it in a more complete form, such as .shown iu Figs. 640 to 643 for importa.nt ones. In 
640 and 641 the wronght-ii-on or steel rod is cottered into a caat-iron head, in which the brasses are held by wrought-iron or 
Isteel bolts and cap, tlie connecting tod having a forked end, in which is fixed the gudgeon. The head in Figs. 642 and 643 is 
Iwith cast-iron slioes S which are adjusted for wear by the cotters C, the gudgeon pin P being fittetl with a Staulfer lubricator, 
544 and 645 show an example of a cross head for two-bar guides, containing within itself a means of adjustment, namely, the 
" and screws 8, while the slide bars arc fixed and proi>erly arranged to resist tlie pressure. The head, which is used with a 
Iconnecting rod, is made of malleable cast iion or cast steel, and the side blocks of cast iron. In Figs. 646 and ^47 wc have a 
Icross head/ both the piston rod and the cast-ii-on slipfmr being cottered to the wrinight-irou liead, which is bushed with 
tal and fitted with a lubricator. A very simple and comiiact cross head of this type, suitable for small engines, is fully shown 
\637 to 639. In a .slightly difiFerent form it was an example in the Science and Art Examination raper of 1893. 



Fig. 635.— Sb owing defi:K;tave 
arraDg:ement 



braUy uaod only on atationary engines when thej run in out" direction mily, bo that the |>reB8ur« w alwfty» on 
1 ntn in a bath of otL 
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Fio. 636. — PintcJU tod hand in m»fc-irou jfiiide* 



\-kz^\-.' I I 






Taper ^ per foot 







Ftofl, 638, 639.-^Blippor cro«a heiui f«r aoiall engint^s (Drawing Ex©mi«?). 

FURTHER TYPES OF STATIONARY ENGINE CROSS HEADS. 





J'yes. 040, 6VJ.— C'tt&t-iron oroMhead. 



I m ^ I ^^s 

Fioa. 4312, (i4H.«»0iL udjii^tiible croaa hcjad. 



Ftaa. G4i, tiid.-'Adjiiitelilt 
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Piaa. aVi, 647.— Slipper orow head 

4 




on line VAX. 



Fio, 051,— 
Section on 
line GH. 



type is shown in Figs, 649 to 653, four slide bars 8 being required ; the forked head ia of wrought iron or steel cottered to tlie piston 
rcKl, and the gudgeon pin P, pii^sing tliroogh it, fornis a neck journal for the connecting rod, and also two end jonrnalK J, on whicli 
fit the cast-iron slide blocks B. The guide bar.^ are notched at 
the end E, so that the slide block passes the edge of the notch 
each stroke for even wear.* Figs, 654 to 656 also show a slipper 
cross head, the cast-iron slipper S being screwed to the wi*ought- 
iroii head, whilst tlie gun-metal steps are tightened up by a 
side cotter, adjusted by the screw A, as shown. A more im- 
portant and expensive slip[>er cross head (of the marine type) 
is shown in Figs, 657 to 659 ; the piston rod and head are in 
one forging, and the cast-iron slipper block is screwed to a plate 
A, which is dovetailed into the head. A four-bar locomotive 
cross head is shown in Figs. 660 and 661, and a two-bar one in 
Figs. 662 and 663, wldlst Figs. 664 and 665 show an original 
aad interesting cress head designed by Mr, W. Adams of the 
G.KE. The cast-iron head is made in two parts bolted together 
by eight J" bolts. It will be seen tiiat the steel slide bai' is 
drilled to allow the oil to reach the under side. The maximum 
pressure allowed on the sliding block is about 4(1 lbs. per sq, 
inch. Figs. 666 to 668 sliow still another locomotive cross head, 
but of the slipper ^ kind, designed by Mr. Stroudley. The 
WTOught-iron head is forged in one with the piston rod. The 
pin is also wrought-iron but case-hardened, the steps being of 
gan-metal.^ The ordinary direct-acting marine engine is usually 
so arranged that the gudgeon pin for the cross head is secured 
to the forked end of the connectiog rod, and it works in a bearing in the cross head» as we have seen in some previous examples, 
and as shown in Figs, 669 and 670, It will be seen that the steps and slipper block ^ of the cross head in Figs. 671 and 67:i 
(which is largely used), are faced with wliite metal and the other details of construction should speak for themselves. 

247, CroM-head Gudgeon Fins.— These pins require to be very accurately fitted, so as to be free from the slightest looseuoss or 

^ This tjpe for ii grLut m&uy y*iuTu lieltl iU owu, ittid wua ?ery lurgajy used* Dotwitbstanding the tiumber of p&rts and the labour involved m fitting up. Thtj 
blmoei univerfial pmctioe now ia to mftke the guiding surfac« in one with tlie frame (ita shown m Figp. 6:^4% B40, and t)41), which reduces the lirtbility of error 
In erecting, &Dd aluo tbo laltour. 

• The guide bar G i« in thia oa^e above the croea head, Thia, of coTirse, in the* beat pofiitioii for it m a Blipper arraogenient for a hwomotivc, aa the grefttest 
preasure is upward ■ wlieti the engine iB running forward. When running tmck^ards the aUiiing »urfai*e tttking the pressure \a smallrT (as with aU sUpper oro^a 
bettds), but, in thin caAe, oat ver)' muob HTnaller. 

• Thi.' proportions sboTTo are mainly those given by Vnwin, 

• The shoes of all these cross beads must be »o fitted thtit they are eftsily taken d^wn, iiml there is no poasibility of their working h»0Be. Weivr tjikes place after 
t& lime, and this t^ usiuilly taken up by Mtting thin nin^a of Muntz metal between the Blipper and the body of the head. 



Fig. tHS.— Plan. 




Pig. 652. 



- P] an , Four- bar atationary 
cross haad. 
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VSQ, Hr»8. 



Fio, 659. 



shake, and to be beld or secured in such a way that they cannot 
i*otate about their axes. Perhaps tlie most simple and easy 
way to satisfy these conditions is to make the pin parallel, and 
a srnig fit at its ends, titting a feather or feathers F, Fig. 673, 
to it to prevent any mo%^emeTit alwut the axis. Fig, 674 ifi a 
somewhat similar arrangement, a shoulder * S being used instead 
of the head H of the other, and a pin P is sometimes used 
instead of the feather. Coning the ends, as in Fig, 677, is a 
very popular expedient, but in practice it is most difficult to 
get an exact fit at both ends ; however, by slightly increasing 
the diameter of the large end, as in Fig, 675, the two conical 
euda are parts of the same cone, as shown by the dotted lines, 
and this greatly facilitates the machine work both on pin and 
head. Fig. 676 shows a pin for a marine cross head ; it is 
forced into the forked end of the connecting rod by hydrauhc 
pressure, or shrunk into it while the fork is hot ; usually the 
pin is further secured in the fork by a strong set -screw, as 
pliowu. Such gudgeon pins are made hollow if weight is of 
importance. As wiU be noticed in Fig. 677, » snug S may be 
u^ed on the pin instead of a feather, and tlie gudgeon pin held 
in position by the plate A pressed on the shoulder of the pifl 
Ijy the tliree screws. A simple and effective arrangement of 
fixing, which allows the gudgeon or cross-liead pin to be readily 
withdrawn, is shown in Fig, 678 ; it was devised by Meaaw. 
linllinekx, of Brussels, and is used on their famous engines. 

248. CrosB Head for HorizOEtal Engine (Drawing Exercise).— 
The three views, Figs. 679; 680, and 681, show a cast-iron cross 
head for a horizontal steam engine. Some particulars of this 
type are given in connection with Figs. 640 and 641. 

iQfttraclioiia. — Drcuv the viewB kIiowii, compbtiQir the seGtion EF. Drnw iW 
fin Olid elt vatioii tin Been when IrN-jking at the turl c»f the rod. Seale 6 iai. = 1 ft 

249. Crass Head for Maiine Engine (Drawing Exeroiie).— Fig. 

682 sIkhvs in detaOthe separate parts of a marine engine cross head 

iBfttmetiont.— Draw threr- views of the anBemblod otom beiuL Scdv 
quarter full liizo. 



III 



^^^SaurJtto^ 



* These reqaire to bo wellfiiUt^y fui oroAfi-heitd pin failiirea with nboat half Wolil&r's value of the atreifi, have tu bo attrlbutod to ttxarp ahoiildarB. 
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FiM. 660, 66 L— Four-bar tjpe (Dm wing Exeroiae). 
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Fio.664. 



Fm. ti65. — AdamB'i cross heftd. Oue-bftr tfpe. 
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Fio». 6fi2, 663.— Two-har type (Drawiiig Bx«oiw> 
.L_ 1_ 




Iiutraotioiiii.— Work to tbe dimenBioDs upoD thp figure, wbicti is ti'si to doalc« And — 
(a) Draw the eroBS liead id ©levtition. 

(6) Draw tho cros* hi ati &b aeeu looking towiinls th« ctip, tho top to be a Imlf eud elevjitjon, the lower half 
a vertical tiection, tuken through the ueiitru of the pin. 8oal« 3 iuflhea = 1 foot. 
You are not to draw the parts leparated, a^ »hown, but put them together in their proper jioaitionB. 
Bection line the variouB partu tor suitable materially 




Fm. eeS.—Stioudley'fl oroa* hood. Slipper tye©- 
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TYPES OF CROSS-HEAD GUDGEON PINS. 
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Fn. 678. 
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Figs. G71, 672. 
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Fig. 678.— BoHinokx. 



Fra. 676. 



F». 677. 



EXERCISES. 

Dksign, sto. 

1. A connecting rod is five times the length of the crank, and the pressure on the piBton is 20,000 lbs. Find, by the triangle of forces, what is the preeenre on t 
cross-head guide when the crank has moYed through 4.5^. And what is the pressure when the crank and connecting rod are at right angles to each other. 

2. A gudgeon pin has a diameter of 3" and a length of 4", and the journal is loaded to 1100 per sq. inch. What skin stress does this correspond to, and wh 
pressure per sq. inch on the journal ? 

3. A piston has a diameter of 80", and when the connecting rod is inclined 15° the pressure on the piston is 80 lbs. per sq. inch. What would be the thrust of tl 
/w>j2Beoting rod on the gudgeon at that instant? 



UttAWtlVG. 

1, Make w<jrkinj; drawingia of ihtj 
oroBB lieftfi FigB- ^160 und 66 L Scule 

5. 8et ont the locomoti?H oiOiB head 
shown in Fit-». *>62 and 663. Scale 
6" = V. 

3. Dmw thti three views of the crow 
head in Wig*. 6^7 tr> GB9, full Bixe. 

8KrroHiHO. 
7* Bf&ke a flketoh of cast-iron otohh 
head suitable for a stationfltry eng^ine 
(¥i&- t>37 and 6:19). 

8. M^ke a sketch of Stroudley's looo- 
rnotiTe cfo« bead (Figa. 666 tt> 668). 

9. Sketoh a Bllpp«r mom bead, 
marine type, arranged to reoeife the 
riid|;«OD pin of a forked oonne^oting rod 

lu. Show by Bketohes three waya of 
flxing gudgeon piufl to cioiw heads, bbcI 
which one you prefer, and why. 
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^ Holf elevation . 







Fia, 680.— Seotional plan on Uiia 0\1 



CROSSHEAP FOR MARINE ENGINE, 
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Fra d82.— Drawing Bxerdw. lot \Tiritttic^m%,»fer to Art. 249, p. 202. 
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CHAPTER XXIII 

CONNECTING RODS 

250. Lenftk of CoBBecting Rod. — The length of a counectinjj; rod, measured from the centre of the crank pin to the centre of the 
gudgeon or cross-head pin, varies from about 3'5 to about 8 (or in extreme caseai even 9) times the length of the crank, according to 
the type of the engine; a ratio of 6 to 1 bciug very generally used for stationary (and often for locomotive) engines. If we had 
only to consider the rod in fixing tkis ratio, in a given case, we should make the latter as short as practicable, because the rods acting 
as struts, must obviously (for a given load on the piston) be larger in diameter as their lengths increase. But we have seen 
(Art, 244) that the longer the rod is in relation to the crank, the smaller will be the pressure on the cross-head guides, and there is 
tbe further important advantage of a more uniform motion of the piston, the longer the connecting rod.^ However, in practice 
there are crmditions which restrict the lengtlu Thus, the restricted height of marine engines rarely allows of a larger ratio than 4*5 
to 1, a ratio of 4 to 1 being more often used, whilst, on the other hand, in locomotive practice, the ratio is generally about 6 to 1, as 
vre have seen. 

251. Strength of Connecting Eod.— In addition to the alternate compressive and tensile stresses'-^ there is a transverse force 
applied to the body of the connecting roil due to the oscLliation of the crank-pin end. This last factor /.s important in smdl awl very 
hi/j/t-ir/Mcd engines, but not in large ones runniYig at a moderate speed. The diameter of connecting rods for large stationary engines, 
^'*^r the sake of stiffenerSj is always made greater than w^ould be necessary from a consideration of its ultimate strength as a strut, or 
^te transverse strength against bending. Generally, the largest diameter is such that the mean stress there is 800 or 900 lbs. per 
®q. inch, and the mean direct stress at the smallest diameter is, as a rule, 1560 to ItiOO lbs, per sq. inch. 

In loeomotive practice, an old rule was to make the diameter of the ends about 016 K tJm diamekr of the cylinder, and that of 
the centre of the rod 0*21 X dia?ne(er of ci/lindtr ; the former dimension, it will be noticed, is the same as we have given for locomotive 
P^ton rods, Molesworth gives the rule, dkun^Mr of mmuciimj rod — 0*021 Dy^p for iron, and d = iyQl8D\/ p for steel, which for 
•teel nearly corresponds to the previous rule, when the pressui*e = 150 lbs. per sq. inch, for then d = 0*221). 

And again, in Marine practice, the diameter d of the connecting rod just below the fork (Fig. 695) is generally made equal to the 
^^^ixieter of the piston rod. Then, if the taper of the rod be produced to the axis of the cross-head pin, dy = about 0*75^/. And, if 
^**^ taper is produced in the opposite direction till it cuts a diameter of the crank (Fig* 695), fairly correct values for the larger end 
^^^ obtained.^ if I>i = 0'6D, where D is the diameter of the crank pin. Usually the part of the shaft of the rod between the small 

' Tht* motioD of the piaton becomes harmoniQ whon th« leoi^th of tbe CNfiiiiectiiig rod ia mfinite. See Qoodmaa^s ** MeobAnioa of Engineering," pp. 183 uicl 163. 
' For tb© m&ernitmle of Iticfie, refer to tbo antbor'e ** Machine Deaign, eta/' p. 511. 
* Bauer tind BobertBon's '* Marine EngtneB and Boilens/' p* 1U4* 
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end and large end is made with a straiglit taper. In some cases rods are made taper from tlje cross-head end to the middle, and 
the remainder of the length parallel.^ The tapering of the rod not only makes the change of size less sudden, but it gives greater 
strength to the middle of the rod where it is required tc» resist bending when in compression. Flats are sometimes plane4 on the 
taper shaft near the large end and parallel to the plane of motion ; this .somewhat reducers the section and weight, but very little 
decreases the strength to resist bending^ as the modulus of the section is very little afifected. This principle \b carried a step further 
when the rods are made T€4itmujukir or I-shape^ in section, as they often are /or high-speed engines, suck ofi petrol engines, or even 
locomotives. The rods of beam section have been found to answer well wlien made of cast steel ; the section of these at the small 
end may be made equal in area to thnt of the piston rod (if of the same material). And the more economical section allows of tie 
large end being made sensibly smaller in section than it would be if of round section, so we see that th^- p-roportioTis of connecting 
rods arc to a larye ejieni fixtd by iJie applicalion of empirical rules, which long experience has proved to be satisfactory ; however, in 
case-8 where there is a dej^arture from ordinary practice in any important respect, it is certainly advisable to check the dimensions of 
the principal part^ of the rod, or at least those of the shaft, by determining the maximum stresses, and we will proceed to indicAle 
how this may l)e done. 

252. Connecting Eods for Internal Combustion Engines are usually fitted with big ends of the marine tyi>e, and the little ends for 
small gas engines and petrol engines are fitted with solid bushes to engage the gudgeon pin ; the bushes being easily X'enewod wlieu 
necessary. Connectiug rods for these engines are practically always in compression,^ with aspect to gas pressures, hiit a( ctrtniH 
parts of (he strokes they are in tension due to inei'tia. And (unlike rods for steam engines) when the ignition is early and the uLher 
conditions at their best, Ihrr grcatcM possible thrust mi the rod equais the total pressnre on the piston af iJic comm^neemeitt of (k 
stroke.^ So them is little beyond the determination of maximum tfu'ust in designing these rods further than what we have seen 
applies to steam-engine rods. Except when the main object of the ilesigu is to obtain tha miriimum weight in a given ease, thentf 
very careful and complete analysis ahauid he Tfiade, by evmhiving yas pre^%mre and intrtia ofn'cs, etc. 

For petrol engines, connecting rrwls are usually made very light for the work they do. Dr. Lucke ^ gives the following empirical 
ruk for the limiting values of ^, the mid-section diameter uf round rods, namely, between— 

^1^ - O'OllDVi^ and d = 0^014Dv/? (41) 

where D is the diameter of the cylinder, aod p the initial pressm-e per sq, inch (about 250, say). 

Or for plain rectangular rods, the mean thickness t, for rods varying from 15 to 25 thicknesses in length, is — 

/ = O^OQSlh/p (42) 

The width at the piston end is usually 1'6/, and at the crank end 2*3^. A common practice now is to make the connecting rodBQtl 

^ LoDg rod« with eoila equal in (dze are lunmlly made barrel ihftpe ^\jth tbe diamet(?r at the endiB = 0*75'i lo 0*S5ri, or the full iliameter In about 0*4 the teogtliA^ 
the oratik end, und the diameter at the crank end ii about 0'9ri, &nd iit tbu cri>Bd'h<^ad end O'Bd. But if ^hort and with equal i^uda thf rods are often pamUct 

* Some locomotivf F'xIb nre milltd rit each aide to ^ve tliia section^ which reduces tbt weight, and thereby the etlect uf thu inertia forcen^ mth^ii the nd Mrw 
inor^aBeti in Hrength ^y being mude UghU-r, 

^ Thin iihould bo btirue in mind in Mxing the size of lhc3 boltit for the big etid« 

* lu exidfj«ioii tUitiDea the majLimum preaaure oocora about the oommemsement of the stroke (aee ^e author's " Motors aud Motoring,*^ p^ W): but wmImi^*' 
that tbb full preiwure is often maiDtoined in a steam cylinder till the pi«it)i>n of maxunum as^tiiritj of eonuecling rod fs passed. 

* ** Gas Eugine Dcsigu^'^ p. 215. 



CONNECTING-ROD BIG ENDS. 



section (in cast or stamped steel) for reasons 
explained in the previous article, then the breadth 
of the flanges may Im3 1*3 tiraoa the t found as 
above, and the thickness of the web» about 6^. 

253, ConnectiiLg-rod Ends. — We have seen 
that in any Bteam engine the crank pin must be 
larger than the ci*oss head, for reasons that have 
been discussed ; this l»eing so, the end of a con- 
necting rod which forms the l>earings for the 
gudgeon or cix)ss-head pin, and the one for crank 
pin must be very different in size, in fact they 
are commonly called little ends and big ends, 
respectively. Much skill and ingenuity have 
been brought to bear upon the design of these 
ends with the object of niakiu^' them as perfect 
as pi*ssible, with the result that a large number 
of difierent forms have been proiluced, each one 
with some feature which entitles it to attention ; 
but for some years there has been a growing 
tendency to favour two or three familiar types, 
and these may be regarded on the whole as the 
survival of the fittest. Hence wo find these 
types, with slight variations in detail, in general 
use in modern practice ; so some repi^esentative 
ones, and others that are interesting variations, 
liave been selected by the author to put before 
tlie student. Figs. 683 to 6ft6 are examples of 
tile plain strap end, which has been used more 
lately than any other in stationary engines j it 
flukes an excellent job, but is coetly when well 
fitt-ed. It will be seen that the rod itself is 
fttiishcd with a rectangular end, through which a 
^lot is cut to receive a gib and cotter. A brass 
"^"ith a square back is fitted to the end of the 
*^i> and a corresponding one, with eitlier a round 
*>ack (as in Fig. 685) or flat back (Fig. 683), fitted 





F(G5 683 & 684 . PLAIN 
STRAP PATTERN. 

\ ^ 







FIGS 685 a 686 PLAIN STRAP 

PATTERN WITH SCREW ADJUSTMENT 
3S _ 

'^^ ... 

(0 



FIGS 687 a 688 SOLID END 
WITH SIDE ADJUSTMENT 
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opposite, both being provided with flanges on all sides, and made thicker at the bed and crown than at the joint, to provide for wear 
and also for stiffness. A wrought-iron strap is fitted round both brasses, and cotter slots are cnt to match those in the rod. The 
strap is made thicker at the crown than at the sid^ to strengthen it against bending due to the ordinary load and to the hammehug 

action which sometimes occurs. The thickness of the strap is also 



CONNECTING-ROD BIG END, LOCOMOTIVE TYPE. 




Fiofl. mi, 692 (Drawing Eaterciae). 



usually increased, as shown, to give a good bearing surface** for 
the gib, and to compensate for the material removed in the slot 
In Fig. 683, the cotter is hold in i>osition by a set-screw, but for 
important jobs it is usual to provide a jib screw arrangement far 
fine adjustment,^ as shown in Fig. 68fi 

The following proportions for a strap connecting-rod end are 
given by Molesworth, the unit being I), the diameter of the cmnk 
pin, and they refer to Figs. G83 and 684 : — 

a = OlD + 0-15 e = 0-33D + 0'06 

h ^V + V4a /= 0'37D + 012 

r. ^ 0'3D + <>06 g = 0'35D + 0*12 

Tajmr of ciJtter 1 in 16 

In some cases of strap ends a safety 



A = D 

J =^ 5D 4- 0-4 
k = 0-9 D 
t = 0*2 D + OH 
bolt is also passed 



through the whole end, parallel to the cotter ; a modification of 
this arrangement being largely used for locomotive rods. Figs, 
691 and 692 show an example of a big end dimensioned for an 
18" locomotive cylinder, and steam pressure '* of 150 lbs. per ^q. 
inch. The bolts have }{* taper on theoi to facilitate disengaging; 
the mean diameter being shown. A modified form of the same 
arrangement is used for the little end, as shown * in Figs. 703 
and 704. \Vlien well fitted and in good proportion this tjpe 
makes an excellent but expensive job; having practically Lti€ 
advantage of a solid end, it can be taken apart for use with doMe 
webbed cranks, and can be used with gi^eat safety at high speeds. 
Examples of solid ends are shown in Figs. 687, 689, r»95> 
705, and 707. This type of ends has steadily grown in favour 
A large solid end is forged on the irtd, through which an eye of 



since it appeared on the Allen engine some forty years ago, 

' The comprefiaive niff^m/r should not exceed alwut 2*5 toUB per m. inol; 

■ If both ends of a rod were alike (Fi*^. 6So), the lutU^r vv^iula 
the other lenglheoa. For iniitftuoo. Figs. 6S9 and G9\ . 

> For this preBSure. and tiikiu^' the throat on tlie rxd iuj equal to the preBBure on the piston, (he principal parta aro »«bjeeted to the foUowin^ ii«««; 
»trftp At thinneBt port 4235, atrap at bolia 4500» ahetir strew in boUa 705U, in largo ead of th(> rod itself 4840 Iba. per eq. Inch. 

* Thiii is a ** little end " of a rod for a 17" locomotive cylinder, preaaure 151L 



he shortened in ootterinf up. Sometimea they are arranged no that one end tboHenf *o^ 



I 



CONNECTING RODS 

rectangular form is cut, leaving rounded curners and sometimess a rounded end, as in Figs. 689 and 701; and brasses are fitted 
with flanges whem possible, but it is a slight defect that these cannot extend all round. Difterent arrangements are made for 
the adjustment of the brasses, as shown in the figures, but when a die D is used, as in Figs. 
701 and 707, it should not have a length less than two-thirds that of the opening, and its 
comers should be left square so as to obtain the largest bearing possible,^ The solid end type 
can obvioiialy be only used with crank pins on discs or crank arms, but it probably has the 
advantage of being lighter than other forms of ends, and is found to be very free from break- 
downs and other troubles. One of the simplest and least expensive rod ends is the Marine 
type, shown in a simple form in Figs. 693 and 694, and in a more complete form^ as arranged 
for powerful marine engines, in Figs. 695 and 696. In the latter the shaft is pro\aded at its 
ends with flat tables or palms, against which the inner brasses are bedded, the outer ones meet 
these, and wrought-iron plates or caps are litteil outside to give a good support to the brasses. ^ 

Two strong bolts (usually made with plus tlireads, and collars where required, as shown) pass A _ f 
through the hole for each pair of brasses, the nuts are secured by set-screws or safety rings, '"||^_]L 
witli or without the addition of lock nuts. As the brasses are more sevei^Iy strained than any 
others on the engine, they should be made of the finest material, and designed with the greatest 
care. The brasses for this type become very heavy and expensive for large size crank pins, and 

MARINE CONNECTING RODS. 





Figs. 695, 0%.— ^Tarme type. 



* In defri^iiiiig ends Uke Fig. Gi<% tlio (yUttjra rrmst he made thkk eoough to lake tho load on the n>d without overloading the l^raua where it beds* us exj>edeiice 
proves tbftt iiurd gnii'metal should uot ba k^ded with more Ihtm 0-75 ton per eq. iiicli in Btill eontKCt with inm. 



^^m 




FiGH. 607, 698.— A more expenflire mariue type 
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costly to renew whea worn, besides being liuble to crack tkrough tlie crown. So, to avoid the use of so much brass, some engtueen 
prefer the brasses to only act as bushes or liners^ ilh in Figs. 697 anil 098; this avoids the use of much expensive metal and gives 

a good solid bed to the brasses;^ it 
also i^lievea the bolts of all strain except 
tension. The brasses are kept from turn- 
ing either by a brass distance piece held 
between the cap and rod, and projectijig 
between the bi"asses, or by projections 
from the back of the brasses fitting re- 
cesses in the cap and rod end. Crank- 
pin brasses are usually fitted with white 
metal, as it is on the whole a better metal 
than lironze for the rubbing surface of 
this part, Init it is imi^ortant that the 
white metal should project beyond the 
brass so that it alone is in contact with 
the pin ; this being so, the brasses are 
sometimes made of cast steel or east 
iron. Figs. 6*J0 and 700 show a variatioD 
of the type we have just described ; it i? 
a Continental form, with deep cap, and 
can lie made a fine job, but it is obviously 
more expeni^ivc to manufactui^. 

Four different patterns of little cadi 
are shown in Figs, 701 to 708; we have 
referred to some of the,se, and it only 
remains to call attention to Fig. 105, 
which shows how Messi-s. Mnsffr&tt^ 
_ , . ,* ., , & Co, have overcome a defect in thu 

oiHJmaiy gudgeon brasses ; ordrnanly the cross-head pin wears only on two sides, leaving the pin approximately oval wben H 
becomes impomhlc to prtmii back lash, but by cutting a flat on each aide of the pin, and cutting away the brasses to cson^poA 




Fioe, tj9y, 7t)0.^ Heavy mariDi^ type. Continental form. 



Figs, 701, TOi!. — Little end, statkiiiary typtj 
(Drawinjtr Eierciue). 
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as shown, the brasses in vilimtinoj tbrfmgh a small angle ovemin tlie edges of the flats on the pin, and shoulders are not formed by 
wear. Furtiiermore, the lubricant more easily reaches the wearing surfaces, ' 

254. Connectiiig-rod End for Marine Engine (Drawing 
Exercifle).— Fig. 709. 

InBtmctioBa. — Draw the sectional elevation and scotional plan, also an end 
elevfitlon nu seen when lookingf in thf* direction of arrow A. Take dimenaiotiB 
for the smalkT details from tkdcheM given. 8eotioD 
material used. Scale one half full Bize. 




etich part t<5 indicato 



255. Connecting-rod End, Forked Type (Drawing Exerciie). 
—Figs. 710 and 711 show t%vo views of the little end (forked 
type) of a connecting rod for a vertical engine. This example 
waa set at the C. and G. Examination in Mechanical Engi- 

CONNECTING-ROD LITTLE ENDS. 





i 


s 


1 




Figs, 708, 7<H. — Little end, locomotive typ<* (Drawinpr E3£ercite), 



Figs. TOa, 70<k— BoUd end» 



with 



Fioa. 707, 708.— Solid end, witU 
skl(* adjuatmfiit* 



Draw to n scale of 3" to l' :— 



HBeting in 1907, Part IL, Ordinary Grade. Students were given the following : — 

Inatrnotioiif. — The figures flbDW two incompUtC' vitiwg i>f the little vnd of a wmnecting rtxl for a vortri^al atoam engtnfv 

(1 ) A half Bcctiijfial plevatioD, the upp^r linlf being in elevntiun and the lowt^r half in Bectioa, on the plnoi^ Alt, 

(2) In place of the plan, a fl^etiou on the plane CD of one -ha If of tho rod end. 
(li) A aection on the pjanu KF of one side j^f the rod end. and a c^jmplete end f^levalton of the othfr fiidr*. 

Aay omitted detail munt \m added, together with a aaitablo oil ratcher. 

256. Petrol Engine Connecting Eod (Drawing Exercise).— Figs, 712 ami 713. 

InBtmctioni—Dntw tb< conueetiBg rod and piston, ftSBembliog all the parte shown eeparately on (be flgun^ na when in use, showing front Beciional elevalinn, wide 
*^1*-valionT ittid a plan. Scale full site. 




SecrtoMtal Plan. 



2 feus. 



Fio. 709. 



CONNECTING-ROD END FOR VERTICAL STEAM ENGINE (Drawing Exercise). 




PETROL ENGINE CONNECTING ROD (Drawing Exercise): 



^«^^ Cast l€\ Nut. 

ibSpiitPin 
6 Slots 




^Centre of Crank Pm 



¥ioa.7l2,7l3. 
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257. Connecting Hod of Petrol Engine (Joist Type).' — Figs. 714 and 715 show a lighter form of rod, whicb is now much used. 

858. Conneeting-rod Brasses. — The total load and the permissible pressure per sq. iat-li (see Tahle 14) determine the dimensions 
of the brasses. When the crank j>ini5 are of large diameter the bras.ses are 
made, as we have seen, of bn luze, or of oaat .steel with white metal linings, 
and the distance x from centre to back of brass, Fig. G95, may be such 
that for solid gim-metal or cast steel lined with white metal— 



a; = 1'3 fj to 1'4 .^ 



(43) 



And for gim-metal brasses lined with white metal — 



a; = l-35^tol-5 2 (44) 




i^- /<p4^ 




W±A 



FiGB. 7H, 715,— Petrol engine oontieoting-rod end, joist type. 



the higher values being for the smaller pins in each case. 

For circular-shapcd brasses, Figs. 697 aod 698, and other forms 
ahown on the rod ends, in fixing the dimensions^ the proportions shown 
on Figs, 427a to 427s, Art., 176, may be used as a guide, the unit for this 
purpose being — 

^ =^ OSD + 0125" (45) 

L 259, CoupUttg-rod Endi.— The rods used in locomotives to transmit the motion of the crank axle to another or other axles 
coupling them together, so that a larg(?r proportion of the whole weight of the engine may lie available to increase the adhesion on 
*^iie rails, are called amplimj rods; they are made of steel or wrouglit iron, and usually of rectangular or I section, and the ends are 
^ow made solid; as there is not a gi*cat amount of wear, the lohrication being very good, so no adjustment for wear is usually 
^n^anged, a solid brass bush, with a key or feather to prevent rotation, being fitted to eacli end. this beiog easily replaced hy a new 
?^B when worn out. An ordinary form of eoupling-rod end - for a four-wheel coupled engine is shown in Figs. 716 to 718. And 
j^igs. 719 and 720 show how the rods are generally arranged and connected when more than two pairs of wheels are coupled together. 
-^iiey are drawings of a pattern adopted by the M. S. & L Railway Co. fur their goods engines. 

* Refer to Art. 4S2» ftuthor's ** Machine UeBign, uto/^ 
*^^ ■ Thia example is taken from a past B. of E, Examimitiou paj>er. Words^U** Coupling- rod Eud is iUuMtmtod on 8huet 2'.l of tbe autlior*H '* Elements of Jtiiclane 
^^^''^^•traotioix and Drawing/' 



n.^ 



S18 



MAC'HINK DUAWING AND DESIGN FOR BEGINNERS 



LOCOMOTiVe COUPLINQ-ROD END. EXERCISES. 

K Mftko working drnwinga of the (^iiiieetitig-itNi big end. (Figft^ttJ 
tiadese.) Swle full auc% 

2. Makit i^lan, elevntion, and end eleyation, in part aectioo of the koo* 
motive eoniiectinpr-rod big end. ¥\iz». 601 and 692, Scale 6" - I', 

3. Set out It atmj> connectiuf^r-riMl bi*! end fri»ni llio proportiouB pftn 
m coimcctioii with Figi. <j83 imd 084; dinmet^r of cmnk pia, f* 
Full size. 

4. Draw the- two viewa of the counecting-rcxl tittle ond (FigB. <Jdo uul 
6&6), and add ftu oud view. Full aixe. 

5. Dniw thrc« viewa of the looxnotiye ooiinecting-rod little end (Fi^ 
703 find 704), hiilf eisis and mlculate the monn shear strefli in bolti: 
iiltto the tenstonnl Htresa in the rod, aod in the strap nt the bolt bole, 
itaflumin^' that the maximum load on the roil is 34,000 Ibfl. 

6. I^raw thre*' views of the cruipliiig'-rod end CFiga. 716 to 718) parttj 
in s»-'ct3on. Full mzL\ 

7. Sot #jut three views, partly in woptitiu, of the ooupling-rod end (Figi. 
719Aud720), Full size. 

8. Make a sketch of n plain atrnp connecting-rod end, with sctem 
>idju»tm6nt (FigB. 685 ftnd 686). Why ia the strap miuie thicker »i tbc 
end Hnd where the brass bed*? 

*J. Makt^ i\ sketch of « locomotive connect lag-Pod big end (Fi«:S- 01 
and 692)» and c+ipluin liow, if tho <»thef end be like Fige. 708 and 704, the 
true dbtanct^ hetwec^n centres Is practically maintainetl when weiaroccQD 

10. Muki' a sketch of n ml id end f<»r a eonoecting rcxl. What Mt tbr 
i;*»o<] i>ointa of this type, aiid whut featnro limits its use? 

11. Make sketches of twn pat terns of marine connecting- rrnl big c*nil*^ 
nod exphiin their reliitivr good features. 

12. Skrtch tWD patlerna of eoii nesting- rod little ends^ and say wlt*?i 
YOn con»idL?r makes the bewt lut elianii'al job, and why. 

13. Show by a sketch how you would arrange the ends of a oonnevLitii^ 
rod tio thut tightening up for we&r ut both ends praotically k<>epi the red 
centriLH constant id length. 

4. Miike a sketch showiug Musgravt'ior ilulpiu^s brasses and pin for a oouneoting-rod little end. What lidvantage is claimed for this air&ngement o\ ^ 




Figs. 710, 717.— Type of cud for J our- wheel coupled engme. 



ordinary one ? 



LOCOMOTIVE COUPLING-ROD ENDS AND JOINTS. 
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FiGfl. 7HK 720.— Type of ends and jointa for rods ftoupliug six or more wkeel»i. 
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MISCELLANEOUS DRAWING EXERCISES 
Cast-iron Bracket — The front and end elevation of a cast-iron bracket ^ are shown in Figs. 721 and 722. 

Inttrnetionf. — Draw these views, and also a plan. Soale fall size. 

CAST-IRON BRACKET. odi rm. t ♦!. i» -i ik^ v * u i. . ^ • i 

261. The Lathe Bed Bracket, shown by two pictonal 

in Figs. 723 and 724, was set as an example in Stage 1 
B. of E. paper in 1907. 

The instraotioiis were— Draw fdU size, inserting dimensions : — 
(a) An elevation as seen when looking in the direction of the i 

Put in the k" set-screw and f stud. 
(&) A sectional elevation on a plane parallel to the face H, 
distant therefrom ; that is, the section plane is taken thro 
axis of the \" set-screw and {" hole, 
(o) A plan. 
N.B. — Do not draw the pictorial view. Dotted lines, representing 
parts, are not required. 

An adjustable bearing ^ for bolting to the table of a 
boring machine for the support of the boring bar is she 
Figs. 725 to 726a. 

Instnutioni. — Draw a sectional elevation through FG looking 
direction of the arrow H, and make a complete plan. Indicate the screw 
by any conventional method yon please. 

Scale } full size. 

Neither dotted lines nor dimensions need bo shown. 

N.B. — Take the vertical centre line in the direction of the longer dii 
of your drawing paper. 

262. Bed Plate and Standard for Vertioal Engine.— Tl 

plate, brasses, and standard, etc., are shown in detail in Fie 

Initractioni.— Draw the bed plate with standard, brasses and guide 
position. Showing plan and front and side elevations. Seals } fliU liis. 

263. Bed Plate and Brackets for Dynamo. — Figs. 1 

Pattern-makers were asked to describe tho construction of a pattern for this bracket in tho Part 11. Ordinary Stage, Mechanical Engineering C. G. Paper • 
B. of E. Paper, Stage 2, 1907. 




Fig. 721. 



Fio. 722. 



AIISCELLANEOUS DRA^VING EXERCISES 



S»l 



'31 show very fully in detail the bed plate, and fully dimensioned views of the commutafcor and pulley brackets are shown in 
figs. 732 to 735, 



CAST-IRON LATHE BED BRACKET. 
ALUniat4>ve> 







1 JU^ 




Sjs *Stud u/ah Tfjut^ 



Fig, 723. 



Fio. 724. 



InBtmotioni. — Draw tbfii htd pftde pl&ciiij^ tliL- commidator and pultetf braekeh in their proper p06iiton»» The part U* tbu h/t uf the ceiUre Hue tu be ghuwii hi 
Meration and plan. The part bj the right of ceidre lifi€ as a $eetion on line AB. Shiiw ttlstt a $€t'tiona} e?*i?afton on line ('D, lookiog towardft the left. IwliaaU by etlginq 
$t^ turf ace thtit /]//// //////// the pari* fo he mnckmed. Each view ia to bi jmiperly j>rej«eted; and p«irts ahown iaoompletely rtre to be completed and material 
pidicated by flvatemAtic ftoction liniufr. The dimentiionB need not bu Bhow^n. Seal* half f till sixe, 

264. Expansion Slide Valve ^ for Compound Tertical Engme. ^Longitudinal and transverse sections in ele%'atiou are aliown in 
^\g%, 736 and 737. They are projected one from the other in the same line, but have been placed one below the other for 
l^onvenience in printing, 

LlmtrnctionB, — Drdw the tteotiuns of the main and expaiiBioa vulvas ou Xinm AA and CC, ali4i a pLuii of the vatred wltb tbe cover Z removed. Scale 4,y to thf foot, 
3" to llie foot. The former will make tho best dmwio^ if a drawing Ijoard large enougb ra available. 

[ 265. Some Betaila of a 4 Horse-power Single Cylinder Petrol Engine. — la Fig. 738 are shown detailed views of the crank casegj 

Knk shaft, piston, and eunueeting rod, etc., of a sniuU petrol engine. 
» Fur mfonutttiou aa to the furce required ttj move u alide valve, refer to tlio atitbor'ti '* Machiue Dvaigii, etc," \u i>iJO'. 



ADJUSTABLE BEARING FOR BORING MACHINE. 
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BED PLATE AND STANDARD FOR VERTICAL STEAM ENGINE (Drawing Exercise). 



-> 


B'^. 


■^ 


•J 


4- 

1 


1 i i 1 


l4j :|' 7 V ' 






Bedplate \ ^te^ 





r 



rtatf Vf- 















'»M- 



•^ 



tfj»- 



"zm^^^^TTzzz 



i I 



••i -0-- 



^if 



Plan 
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Plan of Standard. 



Fio. 727. 



Centre, oSj 
C okfitYiutator MO rocke r. 

ii . !^-^ 



BED PLATE FOR DYNAMO (Drawing Exercise). 




FiG8.730,731. 



Figs. 728, 729. 
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Imtnwtioni,— Dmw the wliole of the parts ahown on the diagram, awerobling the same as when in use. Draw h vertiiral Beotioiial elevation (taken thraQ|u:h centre 
line of engine un plan), a cumpietf plan and ii vertical aecliun (prgjecteU from Bectional elevation) tulicn through axis of crunk shaft in elevation. Duttt^l lines need 
not be shown. Scale balf fall site. 
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BRACKETS FOR DYNAMO. 
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Fig. 732. 



Fio. 7H:t 



I 

Fio. 734. 




Cetnt^t g'l-i^ 



FlO. 735. 



Advanced students should be able, with the assistance of the sketch showing the general arrangement in the upiier right-hund 
^*^^xier of Fig. 738 and of the drawings of the petrol cylinders in the chapter on pistons, ete., which may be used as a guide, to make 
^I'^^iDgs of the complete eno;[ne. 

266. Adjustable loose Lathe Headfltoek,^*This example was set at the C. G. Examination in Mechanical Engineering, Ordinary 
^J-ade, Part II„ 1907, with the iojluwing:— 

InatnLOtioni. — To obtain full murka fi»rft drawiog, it inuat bo Mly dimenBigned, all views muBl Ije correctly projected, and tin- roaterwilB of whk^li thu purta are 
^^^*^ mdietaed by Mcctional almdini?, Thefiq^\'t%are w>i ffratcn to tcalB, The dratoings netd not he inked in. CandidateB wro reoommeuded to draw ou tht* blank »i '^ 
**^ tlj45 drawing pnper. 
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EXPANSION SLIDE VALVE FOR COMPOUND VERTICAL ENGINE. 







— SECTION ON LINE AA. __ 

A . 

* M l }' *' 




SECTION ON LINEBB. 

Fio. 737 



B_ 
SECTION ON LIWECC.^ 



—SECTION ON LINE DO. — 



FiO. 786. 



ADJUSTABLE LOOSE LATHE HEADSTOCK. 
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Fig8. 739 U> 742 »how four viowa of nn adjofltable 
IcKwe lieii^took for a Utlie. Draw to a scale of I full 
ajjse :— 

(1) A iootioii on the plane AB, looking In the 

directioD of ihe arrow 1. 

(2) A Bcotion oe tlie ptauo CD, looking in the 
direction of the arniw 2. 

(3) An ©nd eleration of tht" " centre " end. 

(4) A complete plan. 
Add omitted detail, 

267. Slide Reat for 9 J" Lathe.— Ad- 
vanced students will experience little diffi- 
culty in making working drawings from tiie 
dimensioned pictorial sketch of the unfi nisi led 
slide rest shown in Fig* 743. 

InitraetioiLS. — Draw two elevaliona and a plan of 
tlie a!idc regt, showing in section ns much of the plan 
aa ia nectaaiiry to clearly clijiphty any important dfjtaiL 
Yi»u iiro to arrange a hml holder on the top slider, imd 
shuw any other part thtit miiy l^' omittekL Scale lialf 
lise, 

268. Cylinder, with Meyer Izpansion 
*Vftlve, for 20 Hor«e power Homontal Steam 
£n^6. — Eight fnlly dimensioDed views of 
the cylinder and its fittings axe shown in 
Figs. 744 to 751. 

Imtmotioiis. — 8et out the views ihown to u ie^e 
of 3" to the foot, and make vtoikln^ drawioga ti^f the 
piston to a scale of half sixe, und of the main and 
ezpaaiion yalves, bukes, etc., to u loalo of faU tiie. 



SLIDE REST FOR 91" LATHE. 






- :ioo\ 'Hesr 







5^ of slide.. 



Fio. 743, 



MtotfMAl 



CHAPTER XXV 

PRINCIPAL MATERIALS USED IN THE CONSTRUCTION OF MACHINES 



209, Cast Iron. — Tlie cnnlts metal derived from smelting common ores of iron with fuel in a Ulast furnace is casi iron, A 
blast of air acting on tlie burning fuel generatea an intense beat, which gi^aduaUy melts the iron. As iron ores are generally h _ 
mixed with earthy materials, which make them refractory, />ov',5 have to be naed with the fuel to comljine with the earthy materials 
and facilitate their fusion. When the ore is calcareoue the flux employed has to be of an argillaceous nature, that is to say 
to contain clay ; on the other hand, if the ore contains clay the flux must be of a calcareous nature. This being so, it ifl 
occasionally possible to mix the two kinds of ore in proper proportions to enable the one to act as a flux to the other. When a flux 
is used it is tipped into the furnace with the fuel and ore, and it unites at a high temperature with the earthy matter of the ore, 
forming sla^, setting the greater pai*t of the kon free, which, as it fuses, falls by gravitation to the bottom of the furnace, and when 
a -suitable quantity has accumulated it is allowed to flow out of a tap-hole on to a sand bed along a large groove in it (called a sowjr 
from which at right angles it enters smaller grooves, or hollows, which form the moulds for the pigs. And these castings «tJ 
commercially known as pig iron. During the smelting process the liquid iron absorbs and combines witli a considemble quantitj 
of carbon from the fuel, and is more or less contaminated with the impurities of the ore fuel and flux, hence the presence in ca^t 
ii-on of carhoE, sulphur, silicon, phoaphome, and manganese. A portion of the carbon is cbemicEdly combined with the iron, while 
remainder exists in the iron in the form of graphite, but the presence of carbon in the iron, whether in combination vrith it or 
rdetermines its behaviour, giving to it its fusibility, which enables it to be remelted again and again for foundry purposes, am 
"rendering the iron more liquid in the Huid state, and touglier and softer when in the solid state; the degree of fusibility depending* 
upon the percentage of carbon which it contains, but an excess of carbon weakens the iron, and therefore the skill, experience, and 
judgment of the founder have to be exercised to secure by a suitable mixture of different sorts and qualities of iron the requisite 
degree of strength, softness, hardness, toughness, and closeness of grain for various kinds of castings. Strangely enough, the best 
Insults for Ijoth strength and elasticity are obtained by mixing a number of carefully selected different kinds of iron in the cupola; X^ 
gives higher tensile strengths than the average of the diflerent samples when cast separately. When practically all the earbimi* 
comhined with the iron, the fracture of a freshly broken piece will have a silvery white colour, and the cast iron is white, and tJ 
found to be very brittle and hard. When ouly a little carbon is combiued, and most of its particles crystallize separately, a fractal* 
is grey in colour, and tlie iron is weaker and more fasible. Silicon apparently influences the form the carbon t-akes in e-ast iron.ata 
the rate of cooling. The more slowly a casting cools the more graphite forms and the softer the iron. Usually, for commereiil 
purposes, cast iix)ns are divided into seven varieties. The greyer cast irons, containing the most graphite or free oarbon, used f*^i 
foundry purposes, are classed as Nos, 1, 2, and 3- The whiter and harder cast irons, Nos, 4, 5, 6, and 7, are used only for conYewi«i 
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^ wrought iron, No. 4 being occasionally used to close the grain and harden the metal of foundry mixtures. As t!ie greyest iron, 
■ 1, is wanting in strength, most castings are composed of mixtures of Nos. 1, 2, and 3 in varying proportions, according to the 
lament of the founder. No. 3, Scotch iron, is most generally used for engine castings, as it can be depended on for closeness of 
un and strength, and it runs sufficiently tluid to make any casting. But generally, the stronger and larger the casting the smaller 
e proportion of No. 1 used. On the other hand, a larger proportion of No. 1 gives greater fluidity and causes the metal to run 
ry thin and expand at the moment it solidifies, so that intricate forms and sharp comei-s of the mould are filled better. Nos. 5 
d 6, called forge irons, often present a mottled appearance, as if a grey iron and a white iron had been melted and imperfectly 
ixed, lience it is often called mottled pig. No. 7, called white forge, is very hard, and silvery white in appearance. 

270. Chemical Composition of Cast Iron^^The projjortion of carbon in cast iron varies in different varieties from about 3 to about 
3 per cent.,* and its ellect, etc., is explained in the previous article. Mr. Bloxara. the famous authority on cast iron, gives the 
lowing as the composition of the kinds of iron in the foundry to which reference has been made :— 

TABLE 12.— Chemical Composition of Various Kinds of Foijni>ry Cast Iron. 



Iron . * . 
Combined carl 
Graphite 
Silicon . . 
Sulphur . 
PhoephoniB 
Manganese 



Uo. 1 iQny), 




90*24 

vm 

3^06 
M4 
0*30 
038 



No. a. 



89 '31 
179 
Ml 
2-17 
1-48 
1-17 

vm 



Ko. S. 



89 '86 
2'4G| 
0-B7/ 
M2 
2^52 
0*91 
2*72 



Swediil) Uly. 



4-603 
0"070 

0015 
l'27*i 



Foundrj' 
QLtfOguiKick. 



3-677 

2^400 
0'ri02 
I'OIU 
1-777 



Spltgila 



SMywYate. 



3-734 

0-215 
0-OfU 
(IH)H8 
8-958 



ftgro-Umgmtm. 



6^588 

0087 

0081 

0059 

65M50 



Whilst the ore ia being smelted in the blast furnace a glassy slag is formed by the alumina, silica, and lime in the ore and Hux ; 
of the heat, this tloiits on the molten metal and is run off near the bottom of the furnace. Fart of the carbon of the fuel 
with the iron, the remainder combining with the oxygen in the air and ore, forming carbonic oxide and carbon dioxide, 

out of the furnace at the top. 
Strength of Cast Iron. — Probably no metal used by the engineer varies so much in strength and soundness as cast iron, 
Itliis material is so largely used in the construction of the machines and structures he is responsible for, no efforts on his part 
Isonnd knowledge of its physical properties should be spai-ed. Cast iron of an inferior quality may have an ulti mate, 
L»f 5 tons per sq, inch, or even less, but such exceptionally poor qualities have no value where strei] 



ho iDvtboda employed in esUmaliag the proportion of corboo in iron, at-e au arliole in Teehhi' 
^rCurbon in Iroo-cArbon AJloya/* 
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lUflj be Hied for bdlanc^ weights, foundation blocks, or for pttrposea where weight alone is of consequence. On the other hand, i 
tenacity of 14 or 15 tons f*er sfj. inch i^ sometimes reached, and in very exceptional cases 17 or 18 tons, and even 19 6 has been 
roaebad/ hut the a?erage oltiiiiate tenfile gtreogth of cast iron is about 7 tout per sq. inch. Further, as the limit of its elasticity, as 
determined by *ihort gpecimens of ordinarj^ quality, is found to be ooly about one-third of its ultimate strength, it is not considtfd 
safe to fltreti ordinary cast iron in tension to more than 2 tons per sq. inch. Even with the higher qualities, some authorities hehete, 
and with mnnd reaitrm, that the stress should never exceed 3 tons per sq. inch for a statical load. 

As to compretiive strength, it af>pears from Mr, Hodgkinson^s experiments, that it varies from about 25 to 52'5 tons per sq. inch 
averagintc '6H5, An<l that the average ratio of temtle to comprsmve strength is 1 to 5'641. More recent experiments give somewbil 
higher vahiep*. 

278* Wrought Iron.^ — Wronght or malh*able iron, which is very nearly pure iron, is obtained from cast iron by eliminating the 
greater part of the rmrbon in a reverheratory fomace. The pig iron sometimes UDdergoes two processes— one called refimng, tlit- 
otlu?r paddling. These are chemically the same ; hrieBy, the former is usually done in a hearth termed a refinery. The pig iron and 
M<;rap are placod in alternate layers with coke upon a bed of ignited fuel at the bottom of the hearth. A blast is supplied at i 
prensurij of about 1^ to 2^ lbs. per sq. inch, according to the quality of the coke. The charge is melted in about 2 to 2^ hours, and 
in hlniut another hour the blast has sufficiently oxidized the impurities in the iron (when basic iix>n slags and hammer-scale are 
add(?d the refining is accelerated) and a plate about 3" in thickness is formed ; the refined metal, Ijeing very brittle, is easily broken 
into pieces suitable for puddling. The fmcturc is a silvery- white ; the top part being dull and cellular, and the lower part compact, 
ThiH iron is ready for puddling. About 4 cwt, of it forms a charge for the reverheratory furnace, and in about half an hour it h 
partially melt^*<l, lV>rming a pasty mass, which is stirred with iron tools so as to bring all parts under the oxidizing influence of the 
air and fetling/'* Thr^ iron hwoming less and less fusible as the carbon and impurities are removed by oxidation, the C forming, with 
the of the air, C(\ requires the temperature to be gradually raised. 

The niet/tl, which is now comparatively pure, is collected in balls or blooms wtnghing about 80 lbs., and, being now in a soft 
«pougy c^jncIitioTi, it is subjected to a hammering or squeezing, called shingling, and whilst these shingled blooms are hot enough 
tlujy an* rollinl int^* rou^^di puddled bars, which are of very inferior quality, having a tensile strength of about 1* tons per sq. incl 
(Uily ; thi*y are not uned by e.ngin*^ers, as tlicy require to be further improved. This is done by cutting up the bars into short 
lengths, wliich an* piled cross ways into a faggot or pile, reheated, and hammered or rolled again, usually into bars which ait 
eornrnorttially known as merchant's bars. Tlds iron is still of low tenacity, and not very uniform in quality or structure ; it is used 
for tMirnmon giiTler work, gratings, ladders, fire bars, bearers, etc. The process of cutting, piling, reheating, and rerolling, may l» 
mpmtf^d Moveral tinies to give the iron ajlbrouji strudure, according to tlie quality of the iron required. Thus best bar is made tr^m 
faggots nf nuTchant bars. Its strength is now much improved, and it h more uniform in quality ; in fact, it is suitable for genenil 
Hmilhing jnirfioatis, having a atrtingth, if of good material, of 23 or 2i tons per sq. inch. The best best, or double best, is made from 
faggots of Huk'ctLHi henl iron, and best best best, or treble beat, from faggots of bcht hr^if iron. (Bars and plates of these qualities are 
commonly marked B; BB; and BBB respectively.) It has a very silky uniform fibre, and good qualities have a tensile strength 
of 2*1 to 27 tons, an elongation of 25 per cent, and a contraction at fracture of about 50 per cent., and it will bend double cold. 

• liefer to TiiUle 13. 

* Tlio ftcilou in ttMifltcd by the covering or fetUng of tbe bottom of tho f iiroHce, formed of »caU» of oxldo *^f iron. 
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Slabs from faggots of selected scrap iron are used to make up heavy forgings, new iron being seldom now used for this 
purpose. Among the best known qualities of wrought iron we have Swedish iron, and Yorkshire iron from Lowmoor, Farnley, 
Leeds Forge, and Bowling, used for the most difficult forgings for boiler plates which require tlanging, for furnace plates exposed 
to furnace flames, etc. ; and treble best Staffordshire is largely nsed for chains, boiler plates and general forgings, domes, and such 
parts of furnaces and chambers as are not exposed to the direct action of the flame; although slightly inferior to best York- 
shii'e, it is recognized as being of high c^nality. Wbilst in charcoal iron we have the purest, and therefore the most soft and ductile ' 
quality, 

873. Cold shortness in wrought iron, or britUeiieas when cold, is produced by the presence of a small proportion of phosphorus ; 
ami red shortueas» ur hriUitneM when hot, by the presence of sulphur. 

Although wrought iron lias in recent years been largely supplanted by mild steel for many purposes, it is still extensively used, 
particularly on account of its weldable property, for although it cannot be cast in moulds, it assumes, when heated, a sticky or 
viscous condition, so that when two or more pieces are brought together at the proper temperature they may be united by blows of 
a hammer or by pressure, or, in other words?, welded, 

274, Strength of Wrought Iron. — It is found that when iron bars or plates are rolled, the molecules of the iron are elongated or 
apread into a fibnais condition; this gives the metal {more especially when thin, as in boiler plates) a tensile strength in the 
direction of the fibres somewliat greater (about 7^ to 15 per cent.) than iu a direction at right angles to them.^ And the elongation 
is greater in the former than in the latter. The ultiiiiate tensile strength of wrought iron ranges from about 18 to 27 or 28 tons 
per sq. inch ; those qualities with the greater strengths tending to be hard and steely* Indeed, strengths of 32 tons have been 
produced; but such iron is hard, brittle, and almost unweldable. The contraction of the aix?a of the transverse section where rupture 
occurs is usually taken as a measure of toughness or ductility of the metal This contraction ranges from about 7 to 45 per cent, of 
%he area. As a rule bars are stronger than plates, angles, tees, and like sectious. Wrought iron in tension elongates about fuAoti 

'of ilB length for each ton per sii. incli of itn secttun, up to the limit of ela^^ilcitij. Tiie elastic strength (the strength up to its limit 
©f elasticity) is not often less than 50 per cent of the ultimate strength, and may lie taken at about 12 tous per scp inch, in both 
tension and compression. The pert'enUige ut^ elongation (in terms of the length) before rupture occurs, is also important* Obviously, 
it will l>e greater for short specimens than for long ones, as most stretch occurs near tlie fracture, so it is necessary to state the 
length of the specimen in giving the elongation. Usually 8" ia the length for tensile teats. Ductile iron, such as is required for 
flanged plates or difhcult forgings, usually has an elongation of l/> to 20 per cent, and a tensile strength with the fibre of aljout 
25 tons. 

Wire Drawing and Cold Bolting considerably increase the tenacity and hardness of wrought iron, but after annealing, it 
practically returns to its original strength and softness. 

275. SteeL Preltmiuary Remarks.— AV'e have seen that ufrouffht iron contains very little carbon, an aniounL not exceeding some 
0'4 per cent, ; and that ftfst iron h rich in caibon, and may contain from about 3 to nearly 5 per cent. On the other hand, steel 
lies intermediate between cast iron and wrought iron, being pure iron combined with carbon and other elements, such as manganese, 
silicon, phosphorus, etc., each of which influences the physical properties of the metal, and some special qualities are alloyed with 

■ Fuirbairu wiig appureni ly tbe flrtit to dmeoVBr by actual tests this difft^rcoce; but, stmngely enough, in his ootmnunication to tbe Bojiil Society, crt^diteil tbti 
■tonglh i&crosA tbti fibres witb tho bigber viilue, doubtlesB Qw'mg to some miBtake in marking the pUtea. 
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such elements as nickel, chromium, vanadium, etc., to give them certain required properties. The hardest steels contain about 1*2 
to 1/6 per cent, of carbon, and the mildest from about 0*16 to 4 per cent The latter, called low carbon tteel, much reaemUet 
wrought iron, which it has for many purposes supplanted, as we have before remarked. It is weldable and does not harden when 
suddenly cooled. With a little carboo, the steel is stronger and harder, and is used for rails, wlieel tyres, etc,; but when the 
percentat^e of carbon reaches 0*5, the steel has the remarkable property of hardening. Steel is obtained either by the abstraction of 
carbon from cast iron, or by the addition of carbon to wrought iron, as we shall see* The former represents the cheaper qualities, 
and the latter the more expensive ones. We will now give some attention to the various kinds of steel in use, commencing witli 
the former. 

276» Beasemer Steel is made from grey pig iron, free from phosphorus and comparatively free from sulphur, containing a small 
quantity of manganese and silicon and a large proportion of free carbcm. In the Bessemer process, there are essentially two opert- 
tions, the conversion of molten cast ii'on into pure iron, and by the addition of a small and definite quantity of carbon^ the tumiog 
of pure iron into steel. The pig iron is melted in a cupola, and run into a converter lined with firebrick, and mounted in hollow 
trunnions, though which air is blown through the metal for about twenty minutes, removing^ all the carbon : the oxygen of the m 
combining with the carbon of the iron forming COa, and in so doing burning out the carbon. From 5 to 10 per cent, of spiegeleiaen,^ 
an iron containing a known proportion of carbon and manganese, is then added, and the blowing resumed long enough to incn 
the mixture. The steel is then run into a ladle, and from the ladle to iron moulds to form ingots. These being more or less ^ 
are reheated,^ and run tlirough the five grooves of a clogging mill, or worked luider the steam hammer, and finally rolled or iun^ 
into the required shape. This steely which is named after Eessemer, the inventor of the process,^ is largely used for structural 
purposes, tyres, rails, etc. 

Fairly good steel can be made from iron containing phosphorus, by the Thomai-Oilchrist process. The phosphorus is absorbed 
by the converter lining, which is prepared from magnesium limestone, the product is known as basic ateel, the original metal being 
called acid steel. 

277. Siemens-Martin or Open Hearth SteeL^ — This steel is produced by melting (heated by gas to an intense violet heal) i 
certain quantity of pig iron in the hearth of a Stemeji^ reve^rl^eratort/ fttrmice, and adding wrought iron till the bath attains the desired 
degi^ee of carbonization, or by mixing cast iron and certain kinds of iron ores. The oxides and free oxygen are removed, and carbon 
and manganese added by the introduction of a small quantity of ferro-manganese (a somewhat similar substance to spiegeleisen), 
which is rich in carbon and manganese. The anioimt of carbon left in tlic metal is ascertained by testing a small quantity, whicb 
is removed by a ladle, quenched, broken up and tested by the chemist on the works. If fuund satisfactory, the chaise is tapped aiwl 
the metal run into ingot moulds. The operation is slower l>ut more completely under control than tliat of Bessemer's. The regularity 
and ease with which any grade of steel required can be produced by it lias led to its being fixjely adopted ; in fact, it is now the mort 
general method of proilucing on a large scale steel of good and uniform (quality at such a comparatively low cost that it can compete 
in price with Eesseiner steel Tlds is largely due to the modern practice of using a basic lining for the Siemens furnace for tbe 

* White pig irou containing 5 to 10 per cent, of mivngancde \a kuowro ti» Spiegeleweu. Tliia gives to the melal the small ppjportion of t^arboa reqwwJi 
tind the atiU ftmaUer quftuttl/ of nmng&nede which aeeiDfl to bo ao eeaential fur the pnxJuction of good «teeL 

* The tiigotfl are usuaHy taken &om tbt) mouida wht^n their skin haii solid ifli-tl (their interior being liiill more or less Hquid), and placed in m 
and allow the temperfUure to become more equalised Thej thou have a bright cherrjr*rGd heat. 

* See Emjinetring, Nov. 22, ISH/L 
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Sptiospliorization of pig iron. A grade of this steel with a tensile strength of 26 to 32 tons per 8q* inch, and not less than 20 per 
mt. elongation in 8' , is largely used for the crank and tunnel shafts of merchant sliips and war vessels, etc. ; and steel plates, bars, 
id forgiii'^^s are made almost exclusively from ingots run from Siemens furnaces or from Bessemer converters. 

278. Mild Steel, — ^Usually in speaking of 77iild steel we refer to such steels as are worketl up in bars, plates, angles, etc., from 
emeus opem hearth or Beaaemer ingots. The ingots are relieated and hammered into slabs, which are again reheated and rolled 
ito plates or bars. Sucli steels do noi harden perceptibly when heated and quenched in cold water. Owing to the low percentage 
■ carbon they contain (015 to 0"5 per cent.) they resemble wrought iron, and can be easily welded/ with the additional advantage 
lat plates of much greater area and weight, and bars of much greater length ^ can be obtained without extra coat per unit of weight. 
"ild steel has now superseded wrought iron for many purposes, particularly for boiler plates and stays, bolls and shafting, engine 
flails, etc. The lower the ultimate Btrength of mild steel the higher is ite elasticity, but it is a necessary condition that boiler 
ates must be ductile. The best Yorkshire iron plates stretch about 18 per cent, before rupture, and it is found that steel plates 
ith about 20 per cent, of elongation have not a tensile strength greater than 30 tons per sq. inch. But this steel is largely used 
r boilers, as if has nearly double ike eimfieitif of ordmarij irori boiler plates, and marhj 50 per cent, greater drengtk For parts of a 
nler that are flanged a somewhat softer metal is used, generally one with an ultimate elongation of 25 per cent., and a tensile 
rength of 26 to 28 tons per sq. inch. Such engine parts as piston and connecting rods, shafts, valve rods, are often now made of 
ild stael forged from Siemens or Bessemer ingots. And ordinary miid steel bars having an ultimate tensile strength of 30 to 32 
118 per sq« inch, and an elongation of at least 25 per cent., are used for boiler stays, studs, bolts, etc. A harder steel of 35 to 40 
na tensile stren^^th, and 15 per cent, elongation, being used for pins and such like pieces. 

279. Steel Castings, or cajit in steel, means that the object is cast in form by mild melted steel being poured into a mould. When 
ir blister steel ii melted in crucihlea and poured from them into the mould, we get crucible steel castings. But large steel castings, 
Lch as beams for stationary engines, stern posts, propellers, large shafts, pistons, cross heads, standards for steam hammers, lai'ge 
Dp valves, etc,, etc., are no\v made by more direct methods and of less cost, the fnrnaoe being charged with pig iron, scrap steel, 
id broken ingot moulds.^ Steel castings have the disadvantage of not being perfectly sound, owing to the pores or blow-holes in 
10 metal, which may bo below the siu-face and therefore out of sight, but more often they are on or near the surface, and can often 
> cut away in machining. In tins respect they are also supierior to iron castings, as blow-holes in the latter may be in the body of 
te casting. Apparently, any want of density in steel castings, owing to the presence of pores, can only be dealt w^ith by subjecting 
le fluid metal to great pressure, on the Whitworth principle; bnfc, of course, the cost of this treatment is prohibitive for most jobs, 
otwithstanding this disadvantage, castings in steel are now produced without rolling, hammering, or other mechanical treatment, 
hich are superior in ductility and strength to castings in any other metals in ordinary use, particularly cast iron^ and we may safely 
ok forward to further improvements in quality, and to a great ext<3nsion in their use. In the opinion of some engineers, where 
irdness and resistance to wear are concernetJ, the castings made by English manufacturers are unsurpassed, but tougher and more 
lotile castings can be got from the Continent at an extra cost of about 50 per cent, 

* In welding steel, care should be* tiikeu that the piL'4?L»8 to he tinited oontain the Haiun proportion of carbon or the welding temperature will be difToreni. 

* Hteel barB are rolled up to 1^0' in l«ngth» and pl»t< « with an area of 70 aq. fetst and more» 

* A full charge foraa open hearth furnace naay coiifliflt of hematite pig 8 tona^ cwi, Weardale pig 15 tonfl.ficmp iteel 2'5 tons, broken ingot moulds 1 ton, broken 
q11» ftnd acrap ii'5 toon, Elba oro 2^75 toua, maiignneBo (80 per cent) 2'21, 
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It would be imprajcticable or too expensive to forge certain parts of motor-car«,' such as trailing tohsds of heai^if cars, and meter- 
hisc^^ brake disoif chain wh'^U, etc., but theae can witli advantage lie steel castings. Such castings are, as a rule, made of a mtdium 
hard ouality, the tensile strength of which is about 78,000 to 85,000 lbs. per aq, inch, and the elongation 18 per cent, for 2" length 
and 1 ' diameter. 

280. Motor-Car SteeU.— One of the most remarkable features of the development of the motor-car. Is the wonderful improve- 
ments in tlie qualities of steel which have been made by steel makers, in meeting the demands of motor-car constructors for 
materials of the highest excellence, both as regards tensile and elastic strength. These qualities are usually measured by statio am 
by dynamic tests to determine the resistance to shock and the endurance of fatigue, the great importance of which is now well under 
stood. We have already given some particulars of high-class steels, but the new steels manufactured for motor-car work deinan( 
special attention. Probably no English firms have done more, if as much, in thi.s movement tlian the famous one of Vickers Sons 
and Maxim^ and, more recently, Messrs, Willans and Kobinson, so, therefore, some particulars of the special steels they manufacturo 
for this work should be referred to. Messrs, Vickers and Co. truly remark that : "In the construction of all modern machinery, the 
moat suitable material for use is that which toill mmhtne with a mifficknily kiffh factor of safelif thr hast po-i^ible wHgkt in any ^sm 
part," For a steel to have high tensile strength is not enough. To be suitable and safe in machinery undergoing severe shocks, 
a steel must have three main qualifications. It must, in the first [jlace, have a high limit of elasticity, so that it will he able to endun 
hi^h stresses wifhont deformation. It must also be tough and ductible, so that it can receive excessive and suddenly applied shocb 
without undei^oing breakage. And, finally, it must be, as far as possible, tmaffected by long-continued vibration. The introduction 
of new steels possessing these qualifications makes possible a very appreciable reduction of weight in many parts of a motor-car 

281, Copper. — The most important and useful metal used by the engineer next to iron is copper. Its ores are very widelj 
distributed, being found in almost every part of the world. 1 1 is a metal which is both ductile and malleable when hot and cold, 
but as it possesses the latter quality in a higher degree than the former, it is used to greater advantage when rolled, hammered, *Jr 
worked into sheets, cylindrical pipes,* hemispherical pans and such like forms, than when drawn through a drawplate into fine 
wire. It is possessed of considerable elasticity and strength wlien wrought, its tensile strength being about 15 tons per sq. iack 
Ikit in the ingot or cast condition, it contains much oxide and many cavities, therefore it is not so strong, often breaking nasilj 
with less than half the above tension. When pm-e it may be worked up by hammering or drawing to a stat-e of great strengtii 
and toughness. 

When hammered or worked cold copper becomes brittle, but it is restored to its proper degree of toughness by heating to about 
oOO*^ F., or in other words, by annealing. When heated to redness it can be drawn down, upset and forged, but if overheated ^ 
surface, by exposure to the air, becomes converted into black scales of peroxide. Although copper loses strength as it^ t^mpenrtffli 
is increased, being at its best when cold, and is aflected by the use of sulphurous coal, it is still used to some extent for locomoW 
furnace boxes. The ultimate sti^eugth of copper may be taken as follows ; — 

' Au flbfitmct of an iirticlo, ** Ijoeornotivo Parts of Cast Steel/' by Moiia. dti Boui^quet, whioli appeured in the Bavu^ Q^tiirahdet Ckemin9 de/tr, lm ^rirefi 
Proc. Jnsi. CJ^., Tol. olxviii. p. 1^75* in wLich the iiuthor, in refemng to some exi^erimentH on tb*t use of oaBt-etecl piston li©»d», guide bftre and their i*upporUi ^ 
rods, and brake gear, etc., in ncttial praatioe, concludes thut ^' the esporimontfi prove that mtd-BUeJ part* majf he »a/dy u»e>i in many eoMufcf which forgingt ham 
been comUhrtd neeet^mry.** 

* Copper pipea of tV' tjlumc^teir find upward nre mmle from alieets roUrd or iiammered int<t the required form and brfiz<^d at the seams, the joints being 
JOS strong M the original sheet. Smsiller pipes are uauaUy made l>y dpftwiog^ but tbeao carioot be r<?lied upon heing of uniform thioknesa. 
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Stiie^gth of Copper. 

When carefully drawn into wire 38,000 to 60,000 lbs. per sq, inch. 

Pure Wrought, Copper bolts , ;:U;,000 ,, „ 

Ordimiry ,» ,, , 33,000 „ „ 

Copper Castings . . , , 19,000 to 26,000 „ 

ien employed by itself is largely used for many purposes/ but when coml>iiied with other metals to form alloyfi, it is more 
lively used for eugineering purposes. Boron appears to alTect copper much as carbon does iron ; wire has been made of such 
with a tensile strengtli «>f 27 ton.s per sq. incb, and without loss of electrical couductivity, 

^or some years now a process (Elmore's) has been at work by means ofwhieh roppcr is deposited hj dectroli/sis, tbo metal being 
tnd remarkably strong. Bars of tx>pper are melted in an ordinary furnace and granulated by being run into cold waterj being 
ii'ds placed on a copper tray at the bottom of a tank, which senses as the aonde, or positive terminal ; revolving on its 
atal axis above tliis tray is a copper cylinder, constituting tbe cathode, or negative terminal ; a solution of sulphate of copper, 
vitriol, is the electrolyte, and in this the revolving cylinder is completely immersed, contact being made with a copper bnish. 
kte burnisher, pressing upon the deposited surface, is automatically traversed from end to end, and it is claimed that this 
Mug action gives to the metal its remarkable tensile properties. 

82. Tin is seldom used alone by the engineer, as its tensile strength is too low (about 21 tons per sq. inch) and its cost too 
but as one of the chief constituents of gun~metal or bronze, it is of great value. Owing to its immunity from the corrosive 
J of salts and acids, it is used as a protective covering to other metals. The Admiralty, and some Mercantile Shipping 
mies require aU condenBer tubes to be coated with tin, wlien fitted in iron condensers. 

Mn slieet iron coated with tin, known as sheet tin, is used for oil feeders, lamps, and tor liners or distance pieces between brasses. 

83. Lead is to a small extent used as a constituent of certitin alloys, as we shall see, but ibt- many purposes it is used alone, 
ptility, and therefore the ease with which it can be bent to any form, and its resistance to the corrosive action of sea aud bilge 

fit it for use as bilge piping, and for emptying and filling the ballast tanks of ships. It is also used for jointing pipes when 
ianges are rough or uneven. Sheet leaii is used for covering the engine'room floors of ships wlien they are made of wood, and 
tect the covering of Ijoilers from wet. 
he tensile ttrength of lead piping is 1 ton per sq, inch, and that of sheet lead 0*8, 

84. Zinc is largely used to alloy with copper to form brass aud other alloys. It is also employed as a covering for iron to 
t it from tbe action of the atmosphere or of sea water, etc. ; being much cheaper than tin and easily applied to iron to galvanize 
is used on a much more extended scale than tin is. 

i has long been known tliat a galvanic couple will prevent corrosion in marine boilera and hot wells, so blocks of zinc, or the 
im from the galvanizing bath (called hard spdhyr), are placed in metallic contact with the iron of the boiler in such places as 
ince proves requues protection. Of course the purer the zinc the more perfect the action. 

tefer to Arts. ISO and 145. 

he uron iw cleaued by dilute acid and friction, it ia then tieati^d and plunged into a butli of melted ziiK" covered with Hal-KUimouiac, iind is atirrtid about 
M 8afrac€»a Liecomci alloyed with sine. Mallet reoommenda &u amalgam of zinc 2201^ » mercury 202, and about I of sodium or potasaium : tblji melts wt OBO'^. 
h»ed iron ia dipped in ihia, mid removed bb booh ob it reach e« the temperature of tbo alloy. 
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285. Qua-metal, or Bronze^ is an alloy of copper and tin (and sometimes a small proportion of zinc) in varying proportiotiJi. 
there being no particular mixture to which this name properly belongs. Strangely enough, when copper and tin are alloyed in g<Jod 
proportions harder metal than cither of them is produced, with a density greater than the nuan tUuMty of the. constituenL The metal 
is also more fusible and less likely to con-ode than copper. It is found that with castings rapidly cooled (chilled), the denaity, 
strength, and toughness are increased, due to the composition becoming more uniform. From experiments made at Woolwich,' 
upon alloys of the usual proportions, the following results w^ere obtained :^ 

Tensile Strexgtu of Gun-^ietal. 
12 parta of copper and 1 of tin 29,000 lbs. per sq. inch, 
11 „ „ 1 >. 30J00 

10 ,. „ 1 ,, 33,000 

» ,, » 1 . 38,000 

The last of these compositions is the best known ; it is fairly hard and very tough. 

Although much higher values have occasionally been registered for special mLxtiires,* 33,000 lbs. or between 14 and 15 tons jti 
sq- inch, may be taken as a general average for good gun-metal. Compared with steel and iron, gun-metal offers a small registana U 
compression. Tliis resistance is found to var>' verj' much with the perfection of the alloy, the rate of cooling employed to previ-nt 
the separation of the tin, and the amount of fluid pressure in the mould due to the height of the deadhead. The elastic limit ia 
compression is about 14,000 and the ultimate strength 27,000 lbs. per sq. inch. i 

The general effect of tin in the alloy b to increase its heu'dneBfi. It also whitens the colours Zinc aUoyed with copper in smiU 
quantities increases fusibility without reducing the hai-dness. In larger quantities it prevents forging when hot, but incre«sei 
malleability when cold. Although a small quantity of zinc added to common bronze makes it mix better, it is seldom used in grm-rndd 

For heavy bearings hardness is considered to be of more importance than strength, although of course a good strength i] 
required. A suitable metal is formed of 79 per cent, copper, and 21 of tin ; its tensile strength is nearly 14 tons per sq. inch, TT* 
alloy specified for propellers and all bronze castings by the Admiralty (known as Admiralty bronze) is 87 f»er cent, copper, 8 jicr cttiU 
tin, and 5 per cent, zinc, giving a tensile strength of over 14 tons per sq. inch. 

Copper and tin mix well in almost all proportions. The alloys, or proportions, given in the above Table are among tie h^ 
known ones, 

286* Phosphor Bronze is an alloy of copper and tin to which some lead and phosphorus have been added; it is harltr *!::<- 
ordinary gua-metal, of superior strength and very close-grained, the usual proportions of the above being 79, 10, 10, and 1, respect 
But its strength, hardness, and ductility can be varied by altering the proportions. Its strength, etc., appears to be as follows: w.t 
qaaUty elastic limit equals about 5 tons, and ultimate strength 22 tons per sq. inch ; with about 30 per cent, of elongation fl**^ 
quality elastic limit equals about 25, and ultimate strength 33 tons per sq. inch, with of 3 or 4 per cent, of elongation. 

' bears remelting better than gun-metal, but depreciates after many repeated re-meltings. It is very red*short, and liabletp 




V© the muxtmum atreugtb of 70,000 Iba. per sq. inch waa one* which coiiBi^ed of OQpper 55, tine 13, ^d ** 
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ck. When drawn into wire it has the extraordinary strength of 100 to 150 tons per sq. inch tmannealed. But when annealed its 
angth is reduced by about 50 per cent. As it is a good metal for resisting shocks it is used with advantage for bearings for 
ling mills, railway axles and crank shafts (particularly motor-car ones), and for such pieces as propeller blades and pump rods, 
e strength of this metal is also somewhat less affected by heat than gun-metal is, and it can be rolled into extremely thin sheets, 
1 is then useful for the valves of air pumps, etc. 
The following table gives particulars of the ultimate and elastic strength, etc., of the principal materials used by the engineer : — 

TABLE 13.— Ultimate and Elastic Strength or Matebials. 



Matertal. 



Alaminiom castings, about 98 per cent pure 

Common grey cast iron 

Special cast iron for cylinders, etc 

Malleable castings 

Wrought-iron pkte 

Good welding iron, small forgings .... 
Siemens-Martin, mild forged steel .... 
Siemens-Martin, forged steel for shafts . . 

Tool steel unhardened 

Siemens-Martin, steel castings 

Boiler plates of mild steel ....... 

Best gun-metal, bronze for valves, etc. . . 

BoUed brass 

Muntz metal 

Manganese bronze (bolts) 

,, ,, (propeller blades) . . . 

Delta metal 

Aluminium (cast) 

,, (sheet) 

Copper (bolts) 

Oak (witn gram) 

Teak (Indian) 

Pine (with grain) 

Ehn rBritish) 

Ash rwith grain) 

Homoeam 

Lignum vitae 



Uliioute tensile 



Tons per eq. inch. 

5 to 7 

7to9 

10-5 to 13-5 

16 

22 to 23 

22 to 24 

24 to 27 
29 to 35 
48 to 57 

25 to 32 

24 to 28 

12 to 19 
9-5 
22 

25 to 32 
19 to 29 
22 to 24 

8 
12 
17 

13 to 15 
7 

6-7 
7 

6-2 
7-6 
6-7 
7-1 



Ultinutte oomj 



Ate oompnwiTe 
strengto. 



Tons per sq. inch. 

44 to 47 
47 to 50 

16 to 18 
16 to 18 

19 to 21 
23 to 28 

20 to 28 
19 to 24 



4-2 
5-4 

2-8 

4-2 

5-4 

4 



Elongation per cent 
on 8" length. 



2 to 3 



14 to 18 
20 to 25 
20 to 25 

18 to 20 
20 to 25 
10 to 20 



20 to 45 

15 to 25 

11-5 



38 . 



EUstic limit. 



Tons per sq. inch. Tons per sq. inch 



Young's modolna 
of elasticity (E). 



12 to 16 
12 to 19 
12 to 22 
35 to 40 
12 to 19 
16 



12,700 
13,600 
14,000 
14,000 
13,600 
13,600 
5,700 
7.000 



6,350 



7.000 
760 

1,070 
760 

630 



The strength in shear of meet of the above metals varies from 0*7 to 0*9 of the strength in tension ; 0*8 maj be assumed without serious error. 
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CHAPTER XXVI 

MISCELLANEOUS 

TABLE U 

Greatest working pressnreB, p, per Bq. inch of projected area ^ (Lxd) on yariouB bearing BnrfaccB (TJnwin and other anthoritieB). 

Orank pins of shearing machines, slow speed, intermittent load 

Gross head neck jonmals (intermittent load, oscillating motion), the higher pressures for locomotiyes and destroyers .... 

Gadgeon pins of petrol engines 

Crank pins, small land engines 

„ „ marine engines 

„ „ fast land engines 

„ „ slow land engines 

„ „ torpedo hoats and destroyers 

„ „ locomotiTes 

„ „ and orank shaft journal of i>etrol engines 

LooomotiTe axle boxes — 

Passenger 

Goods 

Shunting 

LooomotiTe tender and carriages 

Main orank shaft bearings, according to speed, fast to slow, as follows : — 

„ ordinary freight steamers 

„ quick running steamers 

„ ironclads and large cruisers 

„ small light cruisers 

„ torpedo boats, steam tugs, etc 

Fly-wheel shaft bearings (unvarying load) 

Eooentrio sheaves, stationary engines 

„ „ marine practice 

Line shafting on g^un-metal steps 

„ „ cast-iron steps 

Eccentric straps 

Pivots, wrought-iron shaft on gun-metal step 

„ oast-iron shaft on gun-metal step 

„ wrought-iron shaft on lignum vit« bearing 

CoWbi thrust barings for propeller shafts (according to speed) 

Slides, cast iron on Babbit metal 

„ cast iron on ca^t iron (according to speed, fast to slow) 

Steel or iron shaft on lignum vit» (water lubrication) 

Faces of link blocks 

Pins of „ „ 

Thnnton's mle relating to pressure and yeloolty is very important as a guide. It is, t^ produet of the rubbing $peed in feet per minute 
tq. inch, shoul d not exceed 50,000. 

* Peducting area of oil grooves. 



PreMore per sq. 


Inch in lbs. 




3000 


800 to 2100 


800 to 1000 


150 to 


200 


400 to 


500 


500 to 


800 


800 to 


900 


850 to 1000 


1200 to 1800 


850 to 


400 




190 




200 




220 


300 to 


880 


200 to 


225 


225 to 


800 


250 to 


850 


850 to 


400 


400 to 


550 


150 to 


250 




00 


70 to 


140 




200 




50 


70 to 


140 


200 to 


700 


200 to 


450 


1000 to 1400 


50 to 


80 


200 to 


300 


40 to 


100 




850 


220 to 


850 


550 to 1000 



and the prenmte in Vbe, 
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287* — Questioiia in Ha^Mne Construction and Drawing. — T!h& following questions have been selected (and more or less modified) 
from the Poly technio Annnal Examination Papers set duiing the past few years by the author : — 



QUESTIONS SUITABLE FOR EXAMINATIONS AND HOME WORK 

Stage I (or ¥mt Year'B work) 

1. Bhow two m^tboda of coDnectiD^ two wrought iron plates at right angles to each other. 

2. Mjike a dimenbioQed sketch ehowing the proportions of Ciiat iron wheel teeth^ and iiamo the various parts nod cnrvee used. Viich 3'\ 

3. Give aketohes and a destzriptian of un ndjiujltible pedeatul with bra8aei). flow would you lubricate it, and how tidju^t it when worn, lay 1'' in a downward 
dlreciiou ? 

4. Sketch nud deeorihe the nctioii of a fijphon lubricator^ atid ututtj the kind of liearings It is used on. 

5. niuiitrate two methods of ootiueoting it)g6thar the ends of two ^ircului Liara. Ona nii^thod to be Buitahle for au alternate puah aud pull, tbo other for a twiating 
action. The bars require to be easily diaoonueoted. 

6. Describo two forms of lubricutor. Explaia the action of each and on what kLQd of bearing you would aae it* 

7. Show three methods of locking nuU. Under what oonditioufi ia it deeimble to n^e them '^ 

8. Give fikotohes of the various forma of koja used. What are the proportions and tapers, and how are they used? Describe iv *' Irxjse oollar with set-screw," and 
eay what It is u«e4 for; 

9. Sketch two or three fortiiH of oranks, and show iiow the pin^ are f^onneetud. 

10. What ia the objeot of the snug and the cotter, shown in the drawing example (Fig, 7O0X ^^^ ""^7 are they used 7 

11. How would you adjust the tMjnuecting rod end when the brasses had worn, say \ inch, in the direction of the length of the rod? What is the object of tbo 
eircular projection at the back of each brass^ and what in it called ? 

12. Show two methfxia of jointing two circuhu- rodfl^ one joint to be suitable for a pulling aotioit and capable of adjostment. the other to be formed so that one of 
the rods may have a straight line motion and the other a motion through an angle of 20°. 

13. Sketch and describe how you would make steam tight (a) the piston rod of a steam engine^ pressure 8U Iha., (&) the ram of an hydraulic preas wator-tightf 
pleasure 700 lbs. per sq. inch. 

14. Sketch the different forms of key usod^ giv& Ihe propnrtions of each, and explain what olasa of work each is specially adapted for. Also sketch a gib 
and cotter, and »ay of what mriterial these details should be made. 

15. The hole in a solid bearing has worn down j": how would you proceed to restore it tu its original condition? What is a ohippin^' pieoe, and a long hole? 
and where are they ii«ed? Give sketches, 

16. Eef erring to the drawing exercise (Fig> 427).— How would you alter the height of the cientre from 3]'' to 3|''? and how would you adjust the brasses when worn 
down i" ? IkVhat is the bearing used for ? 

ll Sketch a f Whitwortb holt. 
,, a r Snap head rivet. 
,, a Taper pin, tfplit. 

,, a Snag. Say of what each would be made and where used, and figure each proportionally. 

18. Befcrring to the drawing: example (Fig. 682)*— (a) What are the various portions of the cross head made of? (fc) Why are the bolts turned smaller in the central 
portion than at the ends ? (e) Describe the lock washer and how it is used, (d) What is the cross head Q»ed forV 

10. Sketch, in plan and section, a double riveted bu It joint, diagomilly riveted with doublo cover plates. Figure it pmportioually. What is ohaiu riveting? 
Compare the two arrangements. 

20. Sketch a half crank, showing how tho pin ia Uttedand the crank fixed to the abaft. What should ea«h part he made of? 

21. Sketob two teeth of about 2" pitch, suitable for ordinary cast iron whools. I'^igure them proportionally, writing ou naiues of parts and curves used. 

22. Sketch (a) a gib bead sunk key, give proportions and taper ; {b) a f gland stud, say how many threadu per ioflh it liaa, and show the shape of them. 

23. 8ketob two different forms of stuffing box, oue for high pressure tttenm, tlie other for low pressure. Describe how yuu would pack theiu and what with. 

24. Referring^ to the drawing example (Figs. 424 to 420). — (a) What are the various portions of the bearing made of? Why aru the stt^pB in four purts, how are 
they adjusted when worn, and why ia the upper part ot the bearing made of eaat iron ? 

25. Wha,i conditions make it deBirtible to use m*iriiHi_i wheols ? GivtJ sketehea illustrating their couatruotion and proportions. What materials may be used for 
the oogs ? 
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26. Aoewer one of the following, but not botli : — 
(a) Sketch two different forme of fltufBnp: bjx, one for higli presBure flteam, the other for low proegnre, Doaoribc how yon would pack them and what 
lb} How would y*iu pack the mm of nn hydniulie pr<^8a. ana the piston of n double-iictinLr hydninlic eylincl< r?. 

27. Sketch a lobricjitor Btiitabh/ for («) tbo slide Ijara of iin engine, (b) n Ujobq pulley, (e) a line ahuft btyirint:, and de«eribe carefully tb© action uf each. 

28* Sketch and df*acribe a form nf or iiniect 111^2; rod en<l, either (a) for hori^ontftl engine, (h) looi»inotive enit^ine. (c) mtkrine engine. How wonld you a^juiBt tbe 
ateps when worn »fj as not Ut alter the leng^tb of the rod? 

29. Referring to the drawing examples (^'iffs. 728 to 735), — Why are the bnickets cti»t »©i>amtely from the hed plate, how are the brackets iabncated, and what i* 
the object of the groore and oil holes in the brackets ? Of what material ehonld each part lie made ? 

30. Sketch two teeth (about 2'* piteh) eaitablo for a east iron s\mr wheel, m/iebine etit. Figure thein proportionally, writo on name<a of each pert and the ciirveA oial 

31. Sketch proportionally (about half fliste) a single ri?eted butt joint with doable cover plates for ,J' plutes. Show plan (about 2 pitches) and sectional elevatii>iL 
:fignre it pro]»ortioDaUy, and say of what materiulH eaoh part sbonld be made, 

32. Sketch (ab^ut full eixe) a f bolt, 3" long, with a circular bead, a bevelled washer and an hexagonal nut. Of what may it be ma<le, und how many Teethraadf 
per inch should it have? Make an enlarged yiew showing proportious and shape of thread, and say how the bolt may be prevented from turning when toe out iipQt 
on. Figure the bolt, nut, and washer proportionally, 

33. Sketch and de4>cribe an a<yaBtftbl© spanner, or a ratchet brace. How wo aid each be nsed ? 

34. Make a aketoh of a valve suitable for admitting the explosive mixture bo the cylinder of a petrol engioe. 

35. Sketch two teeth (libnit 2'' pitch) Htiitable for a cast iron spur wheel, maohine cut. Figure them proportionally, write on names of eaelt jiart and the corfei 
used. How do yon meusiire the diameter at piteh of a toothed whet*l ? 

36. Sketch a form of atufing box, either for high or low prefl»ure. iW^Bcribe how yoa would pack it. 

37. Sketch and describe a form of eoupling suitable for the main shafting of an engineer's workshop, Why do yon recommend tht^ purticnlar one you show ? 

38. Sketch (about full aisc) a f" atud^ fitted with n capstan-nnt and split pin. Ton may make it any length. 

89. Make a hand sketch of a simple form of kuuokJe joint, and state what part of a steam engine in fitted with this Joint. 

40. Show by a band sketch how leather is utjod to make fluid-tight 11 spindle for a hydraulic valve. 

41. Make a hand sketoh of a kmrn^ oollar, and be careful to show the shape of the end of the si>t-sorew. How should this end be treated to make il effective «iid 
durable ? 

42. Sketch and dimension a cog, goitable for a mortise wheel, the pitch of whose teeth is 3". Of what wood should snob ooga be made, and why f 

43. Referring to the drawing example (Fig. 738), of what materials 8hould the piston, gudgeon pin, and set-screw** be made? Wonld yon harden any portiiie rf 
m ? If so, how and why? How would you make the pierton more preaaure ti;rbt in the cylinder? 

44. Sketch the rim portion of a C I. spur-wheel showing the teeth about 2"' pitch, give the pnjportiona, names of parts and curves used (a) for ordinary OMt gt»t* 
(6) for machine cut g^ar, 

45. Sketoh and describe either (a) a stuffing box, suitable for 11 steam pressure of about 50 lbs. per »q, inch, describe how you would pack it and what with, tf 
(h) the packing you would use for an liydmulic ram. 

4G. Bow would you joint two cast iron pipes : {a) by a socket joint, or (fc) by a flanged joint for a pressure of about 30 lbs. per square inch ? Sketoh • i«Otiao rf 
either, describe it and the method of jointing, and matenals need. 

17. Sketch and dciusnbo a ajnnectiog rtjd end suitable for either (a) a stationary engiuAt (h) a looomottvef (4$) a marine engine, or (<!) a motor-'O&r engine. Biiv 
would you adjust it when worn so na not tu alter the kugth of the rod ? 

48. Show by sketches the sectional shading or lining used to indicAte the follMwi ng materials : — (Jiist iron, wrought iron, steel, and brnaa. 

49. Show any form of centrifugal lubricator (suitable for an overhung crank phi) ttiat you arr acqaa»ute<l with. 

,'iO, Show by sketches three different ways of keyint; wheels to a shaft, and explain under what conditions each would !>- used in praetice. 

51. A single riveted Ian joint has k" plates, I*' rivets, both steel,/, and /, (the ultimate strength in shear and tcnfiorj) being 23 and 28 tons persq. iBeh rc»peelii«if. 
Find the most efficient pitch, also the efficiency of the joint. 

52. Make neat sketches of the following:— a tee-head bolt, an eye bolt, and a cafjstan nut. 

Stagi 3 (or Second Year's work), 

53. Show by sketches and descriptinus how you would lubricate any threif of the followiDg :— («) slide vulve and steam cylinder, (6) overhung crank pia rf 
horiEontnl engine, (c) crunk pin of higli «peed engine, (d) a hx^so pulley, (r) an ordinary pedestal, {/) footstep for vertioil shaft, (j/) an ocoentric, {k) the stem thutft 
bearing of a propeller sluift. State the kind of lubricant you would employ in each cage, and how you would ensure its distribution. Ntune/our oonditions with whlck 

\ good lubricant should comply. 
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Sketch profile of largo end of tAivih, aho'^^iug how they are developed, and 

Wliski i& the* uaunl preaaure allowed per Bq. 
Whut are the 



M. Miike a sketch of a Tertioal aectiria of the hiilf of n morHao mitre wheel, IJ'' pitch. 
give proportioiiB of teeth, metlK^l of fixiDf^, iind mnteriskls fmploycHl, 

55. Sketch either a double bar giiidt\ or a iilif>iw'r guide for an enpfia«\ »uid sjiy how you would rt adjust it when worn, 
inch of surface on the guide ? When is it neoessary to u»« a guidt* with two surfaces? 

56, Give sketehes and fleacription of any form of friction gear with whirh you are acquainted. Show a means of patting it in and out of gear, 
advantages and diHa*lvant*igea of thie form of geivr y 

57^ Describe briefly the cojistituent piirt^ and oharficteristic?!! of oaat iron^ wrought iron^ steel, and give an example of the oae of eaoh« 

o8. How woulil yo\i join two 4" cant iron pipea (a) for a low pressure cold water main, (6) for a strjam prt^aatire of 60 !b«. per aq. incii, (c) for an hydraulio main, 
700 lbs. per eq. ineb ? 

5i). Two wrtjojt^ht iron rods, one inch diamctor, ure to be connected by a eotterod joint suitable for ult^TUftte oomproasiou and tension. Sketch the joint and give 
the formiilio you would use for calculating the various parts. Where would you prefer it to fiiil fir*t» and why ? 

t}fi. lu how mauy ways mji a riveted joint fail? Calculate the strength of a double rivet«*d hip jomt of f wrought iron pliileg, 3|" lap, |" riveta pitched 
diagonally^ 1 1" ceutree. Ultimate strength of plates in tension and rifets in shear ifi^OOO and 40,0(10 Ibe. per wj. inch respectively. Bearing stress. 90,000 Ibw. per 
aq. inch. Where WDuId the jrdnt fail ilrst? 

<;i. A steam t>y Under t)f cast iron. 10" lx>re, pn^ssure 70 lbs. per st^. Inch, tias wroui^bt iron fastenings to the covers, }" diametiT, How many of them arc 
required (taking/, = :»O0O Ihw.}? How would you arrange them (a) where a fMjrt occurre<l, (b) upon tlie aide opposite to a port ? 

*j2. Eiphiin how tlie valve «hi>wn in the drawing ei:amplo (Figs. 354 and 355) actSt and how the various pivrta of it are mado water-tight How is it connected to 
the pipe main ? 

63. Sketch and describe the forms of cranked ahaftir moat suitable for — 

(a) A borisontal stationary en^^Dc. ^ i 

(by A looomotive engine, | 

(o) A marine engine. 
Compare their respective good points, Of what metal should each be made ? 

64. Sketch and describe a metallic packed stuffing box Buitable for a piston rotl 4" diameter. How are the whole of the gland studs of n large marine engine 
tightened by turning one out ? 

65. How would you line a large pair of bearing steps with anti- friction metal ? What metal would you us© for the puqiose, and how would you pat it in ? 

ftil Sketch and describe joints suitable font steani pipe^ 6" diameter, 80 lbs. pressure; a horiaoutal pipe for oold water supply, 4'* diam*?tcr, 30 lbs. ppeasnre; a 
|>ipe for cold water, 5" diameter* 700 lbs, pressure. How wonld yoii joint ( iich length? 

tM, Calculate the etnmgtb of a mild steel double rivete^l butt joint with double butt ooyerH. Plates 3' thick ; pitoh straight 2^'\ diagonally If : lap 3J" ; rivets 
\" dinmeter, pitched diagonally* Where would the joiut probably fail, and what would bi^ the poroentago of strength oumpared with solid plate V 

118. Sketch aad describe another methml of fitting tho steps in the drawing example (Fig. 424 )» Of what materials would they he oonip^setl^? 

69, Sketch and describe a removable coupling suitable for the shnfting of iin engineer's workshop. Of wlmt mehd would you m/ike it? 

70, Sketch and dcHcribe two methtMis of connecting lengths of ami iron pipUig for water supply together. What jointing' uiati-'riuls would you use? Does the 
position of the pipe in any way intlnenoe your seleetiiiji of a suitable joint ? 

71, In how many ways can n riveted joint fail? Write down the formulss you would use for catoulating the tearing, crushing, and shearing of a double riveted 
lap joint 

72, Sketch and describe (a) a gusset stay, (b) a tie rod stay, (c) a screwed stay suitable for a Ixiiler. In what positions would each lie Hied, and what would they 
be made of? 

78, li^ketch and descrilKj lui end for the connecting rwl, suitable for attaching to the cross head whown in tho drawing oxumjiU' (Fig, tiiSl!). 

74, Referring to the drawing example (Fig. tjM2).— (a) What m (he object of making the slipper hwise, i^s Hh<»wn ? (b) Of whitt materialt^ should the various parts 
of the cTifss hcnd he made? (e) What c<>tnpoHiti<iiU wmild you use for the metal strips, and why arc they used? {dj The hole ia the brasses han worn horiz*>ntally \*' 
larger on the riL'ht and h ft of the pin ; how wonhl you adjust thene? (e) What is the object of i-^nlarging tho bore of the brasat's where they comti together ? 

7."». A steam cylinder of cant iron, 10 inches brire, presauTo lOtJ lbs, per tq. inch, has wrought iron fasten inga, T' tlijuaeter to the covers. How many of them are 
required (taking/, = HOOO lbs.)? How would \oo arrange them (a) where a port occurred, and (6) upon thesiile opj^osite to a port? 

76, Kefurrin^ to the drawing examph? (Figs. 689 and 690).— How would you adjust the braeses when wnrn I'* out of truth on the side farthest from the 
orUnder* and also when worn f in a downward dlreetiau ? Of what is eat-h p<»rlioo of the bearing made, and how is it lubricateti ? What is tlie object of lipping 
tie cap ? 

77 Iff ferring to th*^ drawing extED} Ic (Figs. TS8 lo7' 5),— W l.y aie tht bii ek* Is ctfet feja»iilely fn m the b<d plate? Peiicribc how you would lino oft' and mschino 
tha eommutator bracket. 
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78. Skctcli and deeoriLe a connecting rod Utile end, or a cxotB head ^nitabk for one of the following :^b, horisoDtnl en^nOi fl murine eu^ne, a locomotive 
engine, a motor-cttr engine. Desoribo how you wauld adinst it when worn, io ns not to Bhorten the rod. 

71). Sketch (about half aizp) and figuro proportioDQlfy ft double rtvciod (diugonal) butt joint with donblo oovor titrapa. 

80. In h(>w many wnjg cbd a rivelcd joint fail? Write down tbe formnlje yon would uae (a) In oalculnting the tearing, crtuhiug, and ahcariug of a donUe 
liTeted lap joint, (b}in dc't< rminin^2: the efficiency of the joint, 

81. Sketch two teeth (about 2 J" pitch) of a spur mortiao wheul, give pro]x»rtion8, name of each part, and the eurvea naed. Show how the fixing ia accompliabe^l 
(a) into the ordinary rim, (h) when occurring over an arm. What material would yciu Recommend for the ttnith? Why are mortise wheels now pructicjilly obaoJete? 

82. Skftch and describe a connecting rod big end, suitable for either (a) a horizontal engine, (h) a marine engine, (o) a locomotive, or (rf) a motor or caa engine. 
How would you prevent the rod from Hhortening when adjualing for wear ? 

8H. In how many ways can a riveted joint fail? Write down the formulae you would use in oaloulating the tearing, oruahing, and sheaiing of a single rifetid 
butt joint 

84. What limits the aize of the rivet for a given thiokneag of plate? 

8i), 8ketch (ubont half inze) aud figure proportionally a double riveted (zig-zag) butt joint with double oorei plataa. Wher^ would fltioh a joint be uaed is t 
oylindriccd boiler ? 

86 A steam cylinder of caat iron, 10" bore, presgore 100 Iba. per iiq. inch, ba« wrought iron einda, J" diameter to the oov&tb. How many of them Me reqniivd 
(taking/^ = 3000 lb«.)? How would you arrange them (a) where a port ooourred, and (6) uf>on the side opposite tti a port? 

87. Sketch nnd deecribe a metallio packed stuffing box euitable for a large piBton rod. How are the whole of the gland stude tightened by turning one nut? 

88. Mtike a iketch of a valve euitable for admitting the explosive mixture to the cylinder of a petrol engine. What is tin automatic inlet valve ? 

89. Sketch any engine or machine detail in whieb the adjuatniont is made by using a gib and cotter, WJiat is the uae of the former? When is it ae ce M n iy In iw 
a aet-ficrew in connection with the cotter? 

90. Make a hnud sketeh of a douhlo riveted zig-zag lap joint for f mild sheet plates. Taking /, = 28 and/* = 23 tons per eq. inch, what should the pitch of 
the rivutB bo ? W^hat efflcienoy would this joint have ? If you have not time to calculate the ktter, write down an expression which will represent it. 

91. Make a hand sketch of any roller beariog you may be acquainted with. 

92. Make a hand sketch nf a pL»ton auitable for the cylinder uhown on Fig. 628, and give the principal dimonsions. 

93. If you assume thiit \" hns been added to the thicknesii of the cylinder (Fig. 628) b» iillow for ineqnalitita of thickness and reboriog, what would you eatioall 
the bursting presflurc (»f Ihe cylinder to be ? To what preBBore woiiltl you say it would bi^ siife to work it under hteam ? 

94. A boiler bus g" plates which meet, forming a three-plate junction ; the joint id made by dnnble butt straps, the circumferential seams being single, and U»e 
longitudinal seams double riveted- Make sketches in sectiotiat elevation and plan of joint. Give reasons for your firrangement, 

95. Huw are the tubes put into the tube phitea (a) of the combustion chamber of a marine Ixiiler, or (Jb) Ihe firebox of a locomotive boiler? Sketcli and dnorite 
either, giving average sisses and materials used. What is a " Servo ** tube and its object ? 

06. \ndoh do you consider the t>est method of fixing condenser tubes in place? 8ketcb it and give usual sizes, and describe its merits and the matenala oied. 
NVould you put steam or condensing water through the tubes ? Give rcuttcns for your preference. 

97 In a certiiin hydraulic press the whole load of 100 tons is taken on two st^icl bolts, liud the working stress at the root section of the threads has been fixed it 
6000 Um, pf!r »q> inch. What size should the bolts bo? And what pitch of threads W(>uld you recommend? Bearing in mind that the material is atecL, would yott 
elect to use plus threads, if so, why ? 

98. A single riveted lap joint, |" plates, j" rivets, both steel,/* and /, the ultimate strength in shear and tension, being 23 and 28 tons per sq^ inch re^pectirely 
Find the m«ist efficient pitch, also find the efficiency of the joint. 

99: The trunnions (or axle ends) of a mixing mttehlne have an effective length of 10", and the weight which comes on each one is 1| tons. What should thrff 
diameter be if the skin strcz^s is not io exceed ooOO Iba. per sq. inch ? Note. — In this arrangement you are to assume that the trunnions are only subjected to boodlBf* 

100. W^hiit are the conditions which allow a wheel to be fixed to n abaft by cooe keyw? >lake a sktitch of the arrangement. 

101. Make a sketch of n quadruple riveted butt joint, the straps to have scalloped edges. What is the ohj«3ct of giving the edges this form? 

102. What advsmtsigea huve led engineers to iiise a finer pilch than the standard Wliitworth ones for the bolts of cross heads and of connecting rod ends? 

103. Calculate tht- pitch of the studs of a ateam cylinder, the diameter of the stud circle being IW\ and the number of studs 35. If the diameter of the cyhn<l«»^ ** 
the oover be 25*5'', and the steam pressure 80 lbs. per sq. inch, what is the amount of tenaional load upon each stud due to steam pressure alone? 
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Permissian to publish the following papers in Machine Oonsirudion and Drawing has been kindly given by the 

Controller of H,M, StcUionery Office. 

BOARD OF EDUCATION EXAMINATION 
SUBJECT n.— MACmNB OONBTBUCTION AND DRAWING (1906) 

Staqb 1 
Before eommeiieing your work, yon muit earelUIy read the following inftmetioiif :— 

Pot the Dumber of the qaeetion before vour aDswer. 

Yoa are ezi>eoted to prove your knowledge of maohiuery, as well as your capability of drawing neatly to soale. You are therefore to supply detaila omitted in the 
aketches, to fill in parts left inoomplete, and to indicate, by diagonal lines, parts out by planes of section. 

No credit will be g^ven if the candidate shows that he is ignorant of projection. The centre lines should be clearly drawn. 

Your answers shovdd be dearly and cleanly drawn in pencil, except the portion specified to be done in ink. 

The answers to the questions as well as the drawings should be made on the numbered paper supplied, comprising one sheet of drawing paper with tracing paper 
and squared foolscap attached. The tracing paper may be detached for the purpose of making the tracing, and must be carefully re-attached. 

Tne Talue attached to each question is shown in brackets after the question. 

Yon are to confine your answers BiricUy to the questions asked. 

The examination in this tubjeet kuU for four hours. 

Trace the eye bolt shown on the accompanying Diagram X. 

Draw either Example 1 or Example 2, Diagram X, but not both. The example should be drawn on the side of the paper on which the candidate's number is 
printed. 

Also answer any two, but not more than two, of the questions numbered 11 to 15. 

Tracing, Diagram X 

Traoe in ink on the tracing paper supplied the eye-bolt shown on Diagram X. Insert the dimensions and print the title as shown. 

The lines should be very black, of uniform and moderate width, and as continuous as possible. (14) 

Example 1, Diagram X 
l^inch Bearing 

The diagram giyes dimensioned hand sketches of details of a simple bearing. Draw full size, inserting dimensions :~ 

(a) An elevation corresponding with A, but in section, adding the cap and one of the |" studs. 

(6) An elevation, projected from (a\ looking on the face indicated by the arrow. In this view the cap, cap screws, and the f studs should be shown. 

(c) A plan. 
N.B.— Do not draw the pictorial view, nor the parts separated as in the diagram. Dotted lines, representing hidden parts, are not required. (fi5) 



^ SUBJECT n. Staffer / /sm. 

NOTE. Jhnotdnmlh^yiatts as sA^mn UUMiiwiA^' liutrucUtascn, iAryocctm^an^m^Ejctuni/uiiun^ pii^er 




^-\ r-»I Example 1.-BRACKET BEARING. Example 2.— CONNECTING LINK. 
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AUemaiitm Bisampl^ 2^ Diagram X 
End of a Conneoting Liak of an Mr Compresflor 

Make full aiz© aeparato scsfile Arawiiiga of details, with diraenaiona, fts foUowa : — 

{ay A loQiyritiidmal and an end Tie w of the rod end A. The aorew thread Dtiaj be drawn in the manner shown, 
(ft) Three viewa of the rrnt B. 
(cf) Three views of the wedge C\ 

|((i) Three viewB of the head D. 
N.B. — No credit will be given for drawing the parts LisflemblcMU aa in the diagram. Dottod lintifi, representing hidden parts, are tiot required. 



(70) 



4" 

3" 

i" 
I" 



Quettums, oniy i%DO io be an9\^red. 
The^htlchei in amwer to (Ae« qu^iimis »hmdd be drawn frethami on the iquared /ooUeap ptiper iho Ufie$ on tokieh may 6e taken 09 {Hnoh apart. 
IL Bketoh full Bize^ inaertitig dimetiBionBT two vieWB of a wheel boas, fixed to a Bhaft by meauB of a BUtik gib key, ab follows :— 

Diameter of ahaft . 

Diameter of bom . 

Lenprtb of boaa 

Width of key . . 

Depth of key . , 

Taper of key, i" per foot. (8) 

Il2. Name the inaterialB of which the parts of Example 1, and the sevem] part!« A. B, C\ D, E, and F of Example 2 would be oonBtructad. (8) 

i> 13. 8kettih full aieot inserting dimeajsionB, a 1"' rag bolt or I^ewU liolt, suitable for aeoarin^^ the frame of a machine to a stone fonDdation, Explain how the bolt ib 
JXediii the atone. (8) 

|^_ I4> Explain briefly* with Bketohes, how you would set out. drill, aud tap the hole marked H, in Example h on the diagram. (8) 

^■15. Bketch in section the nrmature ofii »mall drum wound motor, showing clearly how the stiimpings are secured. W 



Before commencing your work, yon must oarefolly read tlie fbllowing InBtrnotionB : — 

A table of logaritbma and funotiouB of angles and Uflefal oouBtants is supplied for eaoh candidate on whose behalf applieation huA been made for a paper in 8i 
*^i* uj Honourfl. 

I*ut tlie number of the question before your answer. 

Tou are expeoted bo prove your knowledge of machinery, as well as your caixahiiity of drawing neatly to scale. Ton are therefore to supply details omitted in th« 
j^oheu, to flllin parts left incomplete, and to indicate, by diagonal lines, pttrts cut by planes of section. 

^^^o credit will b<* givea if the candidate shows that he is ignorant of projetdion. The centre liueH should be clearly drawn. 
H^onr aiiewerft ahoald be clenrly and cleanly drawn in pencil, except the portion sf)eciifiL'd to be done in ink. 

V%i Btage 2 the unewerii to the qucfitiona, as wlII at* the dmwinga, should he made on the numbereil piiptT supplied, oompriaing one sheet of drawing paper with 
Nsi^ paper and aquttroil foolscap attached. Tlin tracing paper raay be detached for the purpose of making the tmeiug, and must ha carefully re-attached. 

Th© value nttiwabed to each question is shown in hrarkets jifter th<:* questiou. 

You art* to confine your answers strictly to the questions tiskc d. 

^^ The t^ULmination in thi» tubjtuft latU for four hourit. 

PHTrace the Oruik shown on the aooompanjriug Diagram Z, 

I Oraw either Example 'd or Example 4, Diagram T, bnt not both. The example should be drawn on the side of the paper on which the candidate's number is 

AJ0O answer any two^ bnt not more than two, of the questioos numbered 21 to 25. 

2 K 
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Tntiag, Diagram Z 

Tntee in ink, on the tiadng papw supplied, the drawing of a orank ihown on diagiam Z. 
■Hie linea should be very bladk, of niiilbnn and moderate width, and as oontinnons as possible. 



(28) 



DIAGRAM Z. 



(jopy to be- (racf<i 
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Example 3, Diagmm Y 

A^jaitsble Footitep fieari&g 

Draw to aculo and complete the two projiictiona partly shown in Diagram Y, Example 3^ and idm draw a vertical section through line £F, oorrectly projeoled, 
oldng^ in the direction of the arrow marked O. 
B^le half size. 
No dotted linefi need he shown and figured dmenidonfi need not be intcrtod. (10) 



AlUrnaiive ^Mtmpl^ 4, Diagram Y 
Lift ValTe 

Draw, full dze^ an ontside view oorreftpondlng to the vertical section shown in Example 1, Diagram Y. Draw also a sectional plan through line CD, with the 
►indie K rpmovfsd. Finally draw a eeetional elevation taken through tho centre line, looking in the diK-otion of the arrow raarkod H. 
Also makt? a plan and the two end oli^vations of the spindle marked J^, all the necessary dimensions bt-ing shown on it. 
Scale fnll size. 
No dotted lines nee<i be shown and figured dimensions need not be inserted in the three first riewt. (HO) 



Qtts^iom, only Uoa U> he antvoeted 

The %}^ttche» in amwer to the^e quetiiont stmuld be dratm freehand on the »q%tared fooUcap paper 

21 State of what material you would make the parts markLvd Af, N, O, F, in the footstep drawing, Diagram Y, Example S. Also sketch an arrangement to 
iTent the rotation of the footstep bearing (N) in the toting 0. , ^ (16) 

22' A wmnirht iron crank shaft is formed by l>&nding a 2" round bar. How would yon pr<M:eed to turn the crank pin? (16) 

23 A plate ViP'b^r is madf^ up of a vertical web *2' deep conneeted to top and bottom iungea^ 1' wide, by two angle irons 3" X 3" X i". The web and flange platoa] 
1" thfek. Sketch a aootion of the above girder, putting in the necessary dimenBions. Show also a suitable stiflTener. (16) 

24. Sketch to seale, half size, inserting aimensiona, a double riveted butt joint with two fatmpe, a« used in the longitudinal joint of a boiler. Bivetsf diameter, 
3", and thickness of plate }", What wonld be the efficiency of this joint ? (16) 

2,1. Show, by sketches, the method of holding and insnlatuig the bars of a oommntator of a oonttnuotts current dynamo. The shaft ta 3" diameter, and the outside 
^e bars 8^' diameter C 16) 



Siage L-(l!Kl8) 

Trace the copy sbfiwn on the aooompanyinfr Dia;^ram X. , , »xj * f 

Dmw either Example 1 or Alternative Example 2, Diagram X, Init not both, The example should ^»e drawn an the side of the paper on which the candidate s 

fiber ia printed. 
Also anawer any two, but not more than two* of the qnesuons numbered 11 to 15. 



Traoing, Diagram X 
^Vaoe in iuk on the tracing paper supplied the two views of the eye bar shown on Diagram X, Tnaert the dimenBions and print the title ns shown. 
^e lines should be very blacK of uniform aud moderate width and ai» continuuns as possible. 



(W) 



DIAGRAM Y. SUBJECT II, STAGE 2, 1906. 

NOTE,— Bo not draw the views as shown, hut follow the instructions on the accompanying Examination Paper, 

ADJUSTABLE FOOTSTEP BEARING. 



LIFT VALVE. 




^^iAA 



t— "- I^"- 

Eaaunpl^ J Draw V2 sUe 





VERTICAL SECTION 

AUemcUur Exa/npU ^. 
Draw di/l si^io. 



--Krm^fr- 



PANT Of OUTSIOt 
ELEVATION 
LOORINC IN TNI 

oiitecTioN or THE 4 



k-i-|--|r-i->H : 

SLIDING bush' for LIFTING VALVE 




PART or SECTIONAL PLAN THROUGH CD. 



DIAGRAM X. SUBJECT H, STAGE I. 1908. 

NOTE.-^Do not draw Example I or 2 as shown, but follow the instructions on the accompanying Examination Paper. 



JOINT IN GIRDER WORK. 




fve Bar 



Copy fv A^ irate/i 
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Example 2. 
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PISTON-ROD END AND CROSS HEAD. 
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Maample 1, Diagram X 
Joint in Girder Work 

A girder O, 21" deep, is built up of 16" X f flange plates, )" web, 4|" x i^" X f" angles, and 1" riyets of i" pitch. A cross gixder 17, KT d«ep, of raUfl 
seotion, with 7}" x f flaDgos aud ][* web, rests on the lower flange of O, and is riyeted to G by means of two SJ'^ X 8|" X i" angle pieces, eaoh 74" kog, and 
71" X 3^" X i" tee pieoe, as shown in the dimensioned pictorial sketch. 

Draw, to a scale of J, inserting dimensions, two elevations and a sectional plan of the joint, the horizontal section plane being taken tbrough the axii 
cross girder H, 

N.B.— Do not draw a pictorial view after the manner of the diagram. 

Alternative Example 2, Diagram X 
Fiflton-Bod Bnd and Orois Head 

Make separate scale drawings of details, inserting dimensions, as follows :— 

(a) Two views of the piston-rod-end A. The screw thread may be represented conventionally as in the diagram. Seale ). 

(b) Three views of the nut B. Scale }. 

(c) Two views of the locking plate 0. Scale J. 

(d) Three views of one of the ]" square-neck studs, with nut and split pin in position. Scale full size. 

(e) Complete the end elevation E of the dross head, with the piston rod, nut, and locking plate removed. Scale {. 
'S.B.'-Do not draw the other views of the cross head, nor the parts assembled as in the diagram. Dotted lines, representing hidden p&rts, ana not ifiqujiod. < 

QuettioMt only two to he answered 
The Sketehee in annoer to iheee queetions should he drawn freehand on the fodUeap paper, whieh i» ruled in Hndb and ^neh §quar$e 

11. State the use of the locking plate C of Example 2, and describe how it is eot into position and fixed. 

12. Beferring to Example 2, what purpose is served by the square neck on the f" stud, and by the i" split pin? Sketch the latter. WhAt Is the ol^oet n 
the 1" square feather? 

13. Sketch in section, half size, inserting dimensions, a flange joint for a 5" cast-iron steam pipe, secured by six |" bolts, to tiio follow ing dinufniiODi ^— 

Thickness of metal of pipe j" 

Diameter of flange 10" 

Thickness of flange 

Badius of bolt circle 

State Iiow the joint is made steam-tight. 

14. Sketch in longitudinal section, full size, a simple gland and stuffing box suitable for a 1" piston rod, there being two f gltuid itu^a^ 2\" apart Tmm 
centre, the diameter of the gland being 1)", and the internal depth of the stuffing box 1)". Insert dimensions. Describe how tile p^oking is put in plaoe. 

15. Sketch in detail the insulator, and the method of fixing, for carrying an ordinary telegraph wire. 



Stage 2, Diagram Y 
Bead the General Instructions on page 1. 

Trace the half fly-wheel pulley shown on the accompanying Diagram Y. 

Draw either Example 3 or altemative Example 4, Diagram Y, but not both. The example should be drawn on the llda of i 
number is printed. 

Also answer any two, bat not more than two, of the questions numbered 21 to 25. 
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Dniwing to be tnused." 
(2«) 



Trmoing 

Trace in ink, on tho triMslag ptiper lioppliDd, the half fly-wheel pullcj shown on DiAgram T, &nd headed ' 
The lines of the tmoing should ha black, imifonn in width, ana of moderale thiokDens. 

Exumple 3, Diagram Y 

Tool Holder for a Pl&niiig Machine 
Draw the following tIowu of the part of the Pluning Muohinn Tool Holder murked yl to a scale one*hiilf full size : — 

(ti) A view of jicnrrcfl minding' to the oiitf^Me elevation, 

(6) A half plnn nn-l hidf Ht^rtion of A throQ^'^h the line BE looking in the direction of the arrow G, 

(e) A flection of A throiirrh tho ci-ntr^^ lint^ Bil 
jf^ff ^"So other ptirt of th*" holder la tu h& drawn hot the part J. 
Neither duttt^ lines nor dlmenfiions need be shown, (i-IO) 

Mmmative ExampU 4, Diagram T 
A Steam Bngine Cbvemor 
Dmw nil ontiide eleTation aorrejspondlng to the sectional eleyation ahowu in tlio diojirrtim, omitting tho stuffing box, and a oomplote plan« 
fiftftie 4 fnll size. 

The raitre wheels may be shown as rolling cones. 
Neither dotted lines nor dimensionj need he shown* (140) 

QufMiom^ onijf two to be an&w9r^ 
Tlw thet'hes in aiuwer /<* the^ quesiiom shtmld he fJ mtou freehavd (either in peneU or in ink% 2^ the «ide a/the u»iiien amu>&r on tfm squared fofHeeap jumper, 
Mtffe^ir mu»t not be made (m the drafting paper. 

21. J^kptch a flftnire joint snilable for t>onnf'ctlng two 4" steiim pipes carrying steam ut n preasnre of 120 Iha. per sq. inch. (16) 



The 



22. Muke a sketch of h i^ussot Ettay suitiiblrj! for stayijig the dat end of a Lanoaahire boitor. (16) 

23! Sketch a pattt^m aijitabkj for the monlding of the pulley P for the Governor, Altcsmative Exumple 4» Diagram T, mid briefly doscribo how ytm Intend that the 
»ttttev shall be moulded, . . ^^^^ 

24. >fiik»* (I Hkt'tc'h of an eccentric sheave and show clearly how it is secured to the shaft, 
Sketch uti end vk^w of the shaft, and on it ^bow thf anjL'^lar advancf! of the sheave and its radiUB or eooontricuty, the crank being indicated by a dotted liQe^ 

thf* direction of rotation by un arrow. It is ansumed that the eccentric is driving an ordinary slido viilre. (16) 

25. Sketch ft ocction of the umaiiture of a small eontiimoufl current motor. showLnjj; clearly the ooniitraotinn of the ooramutator and tho armature core. You are not 
*ited to fehow any of the windintrs. but only the meolianical details of the typo of iirmature you select for de*criptiou> (16) 
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TECHNOLOGICAL EXAMINATIONS 



MECHANICAL ENGINEERING (1900) 

Ordinary Grade. — Part II. (Second Year*8 Course) 

Instructions 

If the Candidate has already passed in this subject, in the first olass of the Ordinary Grade, lie cannot be re-examined in tliat grade. 

The Candidate most state on the top of his answer paper the Section in which he is examined, and must select his questions from one Section otUy. 

Candidates in any one of the Sections B, C, D, or E are required to do the drawing of the Bearing Bracket, Figs. 1 and 2. 

The maximum number of marks obtainable is affixed to each question. 

The number of the question must be placed before the answer in the worked paper. 

A sheet of drawing paper is supplied to each Candidate. The Candidate is at lioerty to use divided scales, compasses, set-squares, and the slide rale. 

7%rM hours dUowedfor this paper. 

Section A. — Machine Drawing 

Candidates in this Section only are allowed the use of any one poclcet-bouk or treatise on machine designing ; but the title of the poeket-book or treatise u»ed mutthettdii 
at Ike head of the answer paper, 

N.B. — To obtain full marks for a drawing, it must be fully dimensioned, and the materials of which the parts are made indicated by sectional shading. ChooBe 
example 1 or 2. The figures are given on the plates attached. They are not draion to scale. 

1. Fig. 3 (Plato A) is the sectional eleyation of a pump ; Fig. 4 is an incomplete end elevation ; Fig. 5 is a sectional plan with the valve removed ; and Fig. 6 
shows the details of the valves and seatings. In place of Fig. 3 draw an elevation of the pump ; in place of Fig. 4 a sectional end elevation on the piano CD ; and iB 
place of Fig. 5 a plan of the pump. The views shown are not to be drawn. Scale, ) full size. Add any omitted detail. (100 marki) 

2. Figs. 7 and 8 (Plate B) show two views of an eccentric sheave and strap. Complfte the elevation. Fig. 7, adding any omitted detail, and showing the rtnp 
oonneeted to the end of the ecoentric rod. In place of Fig. 8, draw a section on the plane AB, and add a complete plan. Scale i full size. (100) 

Drawing Examination for Candidates in Sections B, C, D, and E 

No pocket-books allowed 

In Figs. 1 and 2 are shown two views of a bearing bracket. Draw the elevation, Fig. 1, a section on CD, looking in the direction of the arrow, and a sectioaal pUn 
on the plane AB. Do not draw Fig. 2. Scale full size. (20 marks) 

Section B. — Pattern Making 
Not more than four questione are to be attempted in culdition to the drawiiuj of the bearing bracket shown in Figs, 1 and 2. 
More marks are given for neat sketches than fur vague and general descriptions, 

1 Show, with the aid of sketches, how you would make patterns and coreboxes for the pump case shown in Figs. 3-6 (Plate A). What kind of timber would voo 
use ? ' ' (20) 

2. A fly-wheel, about 5 ft. diameter, having elliptical arms, a rim of rectangular section, and a circular boss, is to be moulded. Sketch the pattems, striking boank 

and ooreboxes, you would supply. , , ,. ^ .*.,,.,.,_. ,^ . „. , « (*^^ 

3. Show, in detail, how you would make the pattern and core box for the bearing bracket shown in Figs. 1 and 2. (20) 
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1. Make skotchcs Bhowin? the* consitfTietion of tlir^ puttema for plate moulding- any three <liftereiit iirtioles whieh are to be produced in large qiiftntities, (20) 
5. What )8 moaDt by u " Boxed-up Tftttern "V Defleril>e the coDatrQction of a. boxed-up pattom for a mncshiiif fninn*, aiich rin, for iDataiicet the frame of a paitarti 
eltop planing niAchiDe or bnnd bow, f»r ^f nuy such pftttcrn yon hiive 



BEARING BRACKET. 



worked oju (20) 

6, fiiv*' aketch*^8 Rbowint; exit mp lea of— 

(n) Baildin|ir up u pjitttro, 
(li) The ctiiiwtniction of Ixmds find corners* 
(c) Two fonu>< f»f halvhigB. 

(fl) A iiietho<l of fliing a curved flat piece to a stmigbt 
flat piece. (20) 

N.B. — All CitndiihiUs are required to drate the hearing brachsif 
F^fft. 1 ami 2, in tlw tpny described , 

SeCTIOV C. — FOUNDHY WoRK 

Not mi*rti ihttn /our tiUf*tion» fire to tv atfempUyi in addition to 
the drawing of the Jnaring bracket nhown in Figw, 1 ttnd 2. 

Afor*! mark* ar^ given for neat *A>f^A#*^ thnn /or vague and 
gefietal deteriptiom, 

L Make nketchea showing' the eonetruction of the mould for 
the pnmp caiting ahown in Figs. *^^ (Plate A). The gates, and 
the way hi wMob the oorea are snppnrted, are to be clearly 
indicated. (20) 

2. Describe, with the aid of iketches, the metho<l of making a 
Idaib mould of either— 

(a) A chain barrel, U>" diameter, 30" long*, for a crane, 

with a helical ^'roov<- for the chain, 
(&) A larpe speed eono having four Htopfl varying in 
diatnet«-r fn>rn 18" to 'S, (iU) 

14. Sketch Sf^rae form of crucible furntice aoitable for a braag 
foundry, and deiscribf* the propttmtion i>f al!<jys tiiii table for — 
(/i) The valves of the pnmp shown in Figa, 3-0. 
(6) The braaa bii«h of the bfuring shown in Figa. 1 and 2. 

(c) Sintill brass oocka. (20) 
4. Sketch and deacribe a cuiMtln Bui table for an iron foundry, 

nnd dr'scribr the charging <if the cupola, givini^ the relative quitn- 
tities of fuel and iri»n. The iron pro+iuce^l Hhould Ix* axjitable for 
the pump easing nf Qneation L (20) 

Tk Deficril»e the nietbtHl of making, and state the materiala nsed in the ooDstrnction of the following corea ; — 

(ii) F(jr the punjp caae ahown In Figa, l\~\^, 

(6) For the ben ring ahown in Figa, 1 and 2. 

(fl) The oorea for the porta of a steam engine cylinder, 

(d) Yqt a pipe or hollow rolumn. 
Parttonlar attention shiudd hv piiid to th<' venting of the coma. 
fj. Hive aketehea of three* articlea, mid the |)attrriia of tln-m, for which plate moulding wonld bo suitable. Describe the method of making the moulds. 

7. Make a aketeh of a nntuld for a tram wheel, the tread of which is to be chilled. Mention any special preoautiona that have to be taken in making obillcd 
Ciuitinp. (20) 

v. It- — All Candidates are required to draw the bearing hrackett Fig9. 1 and 2, in the waff desci^itml. 
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ECCENTRIC SHEAVE AND STRAP. 
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PLATE B. 
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MAr HIN'K dbawiny; and design for beginners 



f^MTum V- ViTTfLiuf An Irtcnmf Wots 



f>^H9 m^f^ fh'iit Ifmf ffft^4^ftt0 ftffi U, h fttfmi^^M in fMitUm l4» IA4 ttfimimq nf tfu h^oHn^ hra^Jud A^mm in Figt, 1 amd 2. 

> 'fh* Ht*hnp (tit ^h^ fftttHp A.*mu Sh >•./« % < iVShU S)S*Hn V» U-. f^^f^t Vff th<i r»lv*T wnkUt^y^n and in the {^U»i fr,x, and mariiinad on the foee FF. Tbe bom 
«y*N< U ^fnffAf </, Aii^>r /^h/ r »/f'l >'' Oi*» f*^A ^F, li^^rriU ttftftfuWy thft tr^tm^nt '*f tb* cwtintr in th*? fittinfl^ ib^ip. •howin^ bj the aid off^ietehea, how jw 
#^f/| fttft^hitih MiA f#^^ A h. ^^1 >^/f' f>»^ ^wriir./ ' (2Q) 

y ntitrfftm*- thh fnUtt f4 Ih** ifttfhp nUfftu Ut y\t(0 /'J 'J Uf U U-nkUtyt, h//w wonW y/o tmn up the raW^ and aeatingi? How wovid jon make the joint of tke 



^Mf 



, (20) 

M Ifhtfhtifit' hitfhIuWi Nf>/f Mh^rftr frr ffk^f^^/ « MfA |ff/i/y 4i<m « f/f fnHf^h\n\u% mA tiiminf th« tcdtnirie iheaTe and ftrap ahown in Figi. 7 and 8 (Plate B). (20) 

I Mnkh iiUt^i*Ut^ M \\fn\i uniiuim ftttHtt\f\h ftrf t^HUKUtfi i*f wKhifi f/^ in, : 
hlf 'Ihh /IfffffiMitf »rf ffariNM of JofirrtfilH 

h 'V\ih lUnuMt'tnuf \ho tiii'\m hf fliMfofw \tu\h*yn nf mUWUuv: iMUihitt*^ Mrti 0", 7i", i[»", and lOJ^and the oonntenbaft oone policy it aimiJar. The oonntenfaift 
fUun Ml )tyo M^vHlffllfftiN |Mif mlfinit' |''liiit ilif fnn^lfniiin nn'l mlnimtirn uutti\f*'r of r<;volaiiohii of the cone pnWej of the machine. Sketch an arrangement of pnlleytoi 
Mif> MfMffhffiliMrt iNf llmf. Hiii mniliiM of ilii« ninfliitid inny Im rnvf riMvl. Kor whiit imrfKiA^! in it n;quirrffl to reT<;nk; a drilling machine? (20) 

M WItfif Ih (III' nlijt i( Iff flilp|ilti|r nlrliiH V Miiko m nkcifli of hii onllfiitry fMrdi-nliil, und d«*M*rilx; the flttinf^ of the braases into the body and cap. Also deecnbe the 

ItftflfIN ni III'' llMllllliM mill llli' fltlHli|oiti|ii||| lif llli> oil KMHIVMI f^ 

I 'I'Im' ftum(i. I''li»« II n (IMiUi' A), llif I'l'i'iMiirln hIhmivi' iuhI ^tnip, PIk*. 7 immI 8 Cl'lnt** IJ), tlu; forcing of the* leyer. Fig. 9, which ii tobe finiahed bright idl 

1111(1 I III* U«iirltiK« l^if^r^. 1 Mn\ 2, MO iMint to the marking-iifT table to be prepared for machining. Deeoribe l^e n^*^*f 
I iriito'r| iiff, iiml till* tiNiJN you woitM una. /^\ 

k.K. ▼ B-n • ^ I, ^11 f^f^f^,if,|,f^g „^„ rttt/uirwl to draw the heariitg braekei, Fig9, 1 and 2, in ike way dncHhei, 



(20) 
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Hkotioh K.— Bmitiis' Wobk 

St4 tHor# ihnn four tjUftUfnui nrn to hn attmnptrd in addition to the dravaing of the hearing drocM eho%on in Fim. 1 awit 
Mort> markd ufn gimnfor nwtt $krirhe$ than for vagw. and (jeneral detcriptione. 

I. DnimrtlMi tlm nii*ihoil of forging 11 Htucl iioiiblo' throw locomotivo crank shaft with cranks at right anclee. (20) 
a. Wliiit kin«l lit ninU'riiil woiijil you usn for 11 rrano chuin ? Doscribo the forging of the chain/ mention tw 
kinilH itf ih^lrolivp wi'IiIh in olisiim, iind Mtiitc what pnMMiutionH yon would take to avoid them. Elxplain in detail Iwv 
lli«> ««liiiin hIiouIiI Ih* trniitiMl iiftor loiiving tho iinvil, hoforr hoinf; UMcd. What is the object of this treatment? (20) 
Jl. Mnk«' nki'lohoK «»r n rrviTlH'rutorv rognnorating giiH furnunc, suitable for heating the crank of Question 1. (20) 
•• |)pnorilM» cari'fnilv liow vou would forge tlir h»V(»r hIiowu in Fig. 9 from the solid. (20) 

ts Miik»» nkolohi'H of two kinds of tongui'H whicli arr frcquitntly used by a smith, and explain in detail how y<n 
woidil miiki> thoin. (20) 

iV m^nTiln* I ho PhHMmH of luintoning and tempering — 
(lO A ohimd f«)r oiitting mild st^Md. 
{h^ A nort'W tap. 
{A A Ppim* 



j»iml uprln^. 
Alsi« enplaiu how vou wtudd iNUo-hanliMi — 

^il^ A eranV pin, iV* diameter. 

(I*) A nnmUT of Hmall artioloM. 
N U -Alt (\m*UiU%l^ .in» rtqHirr^i to tiraw tk*> h^tring bracket, Fig$. i and 2, i« the way deeeribed. 



(20) 
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MECHANICAL EXGT^^EERmG (1908) 

DEWART Gbade.— Pabt IT, (8eookd Yrah's CouasE) 

Skction a.— MAcenrE Drawino 

pandidate$ in thU Section only are nJloir^J the u»e of any 
pGket'book (ff ireathe on machine deniffning : htU ific title. 
I poGket'hook or treatise uned mui/ft be vtndfii at the head &/ 
fttiicer paptr. 

N.B, — To obtain full marks for a dmwiiiEf, it tnuat be 
» dimensiomid, all vi*^we miiBt be correctly projootecl, and 
laateriab of which the parts art* mnde indicated by 
(kiml Khriding. ChooHt- fxiiinple I or 2, Th^ figure* are 
i mt the ptatei* ttttn^h^d^ They are not drawn to seale. 
irawing* need not Iw inked in 

1. Fijj^B. 1 to 4 (Plate A) are incomplete view* of a ricg^ 
bg^, Drnw to a smle of | full size :^ 

(IJ An elev»ition, lf>okiog in thp direction of arrow 1, 
I Fisr. 2. 

I (2) A ct^mph'te plan under view (1). the upper half 
I bIj * fwi ng » th e cii p on ly re mo ve<l . 

I (3) A hnlf ftt^ction on tbo plane GH» looking upwarde. 

(4) A half BGotion on the plaoe KLM. 
bo not dmw the views as flbown on the paper. Add 
M detail. (100 marke) 

or 

2. Figs. 5 to 10 (Plate B), ahow inromplet© Bepuruted 
Ue of nn adjii&trtlile cross head for n liorissontitl fiieain 
ao. Draw to a fiC4iIe of j full wixe : — 

(1) A section on the plane AB of tbe complete oroaa 
liead- 

(2) An elevation, htokiiig in tbe direction oi the 
arrow 1, Fig. 7, 

(3) A flection on the plane CD, looking in the 
direotiofi i>f the arrnw 2, Fig. 7. 

(4) A half plan, and a bsrlf aection on tbe plane EF. 
The viewtf shown on the i>late are not to be drawn. Add 

E detail, CBpcciRlly showing bow tbe gadgeon pin ia 
ed fipom rotating. " (100) 

[MO EXJLMIKATIOK FOB CxANDIDATBS DT SBQTlOKa B, 

C, B, and E 

No pocket -books alhiwed 

^igB. 5 &nd 6, Plate B. abow dt^taib of the slipper of a 
\ hea*!. Draw to a acale of full ii»e :— 

(1) A plan, Iwking on the t<5p of the sUpper, (20) 

(2) A plan, hwikiiig underneath tlio slipper. (20) 

(3) A section OQ th^ plane GH, looking in the 
direction of arrow S, Fig. 5. (20) 
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CROSS HEAD FOR HORIZONTAL STEAM ENGINE. 

3 ^ t Details of Slipper 
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Becjtion B,— Pati-bru Haxuici 

Noi mftrt thftuftnirqueMiom trre to he^iiiempUdim 
(Mitum tv the drawimj ^town in Fi^, d and 6, PltUi 
B (*« rtfeorp). 

MV/r0 mtir^ are gtfoai for mal jMeJUi <&«• /r 

ragu*' ahd garner aX dewcHptiont, 

To ^Miiin /nil marlt it u tuseesiary thai iA« i*- 
hiiltif con$tructimi of thi pattemM thoula bs ahmm hg 

fustti iketcht*. 

1. Describe, with tho nid of sketches, how JOQ 
vonld makfl the piiltern of a worm, hATiiij| four wm- 
pictu tlir«;>adti of 1^*' pitch, the ontstde disnK-U-r i>f 
which 19 6" : tho worm to hsTc su Axial hole, t^ he 
bored *r diameter. (20) 

2. 8h(>w, by sketches, tbo cton«triictioQ uf a band 
law, and how tho bniid la kept ti^^ht and is pr^TttHtMl 
from ivihiing. Why are the palleyit of lh« hiad 
saw genemlly made i>f light cotistnlvtion 7 Dmotibt 
briefly any other muohitioa foood in a good paUn 
shop. * (20) 

3. Wlmt do you mc<an by a fntmed patters* 
81iow ill detail how you would make a f ramea pattffs 
for u Inrpo flrtt plate» and dejscrib« tith<*r the doft* 
Btmctioo, iji detail, of a framed pattern for a bnchl 
8uch ui ii* u«ed for carrying a shaft pt^iestaL vtf ti»- 
de«crilx' the construction of a frumt^ jMi(t«*m ^ 
which yon bu?e worked. (20) 

i, Btiow ill dt-tail, and describe atep by itii^i. 
bow jou wuuld EDiike the pattern and eon? beat«»n 
Hny» of the caflt-iMo rap of tho bearing ihoini u 
Fi^^ 1, Flat*^ A. Put »ix dii]ii>naiou» on uie ikelcii«i 
to «bow the avtual ilimeQidouH you wriuld make Hm 
imttero tu allow for cvjntniotiou* (:fO) 

5. Malce detailed laketohea showing bo« JM 
Would ninke the pattern of the part of the erowtM 
shown in Plate li whieh is cottered to the pkUA 
rijd. Put fm a few -rver-all dimensions to ihow tki 
allowance for oontractiou. (20i 

*>, Show how you would constmct ak^M^ 
patterns fr»r a circular domed cover, as ihoHL: ' 
Fig. 11 - to be oiLst in green land. Sketch al^ 
Btrioklo hoards that would be required^ (,i' 

N.B. — AH Candidatea are r^quM^ to dm ^ 
dipper in the Ufay deecribed* 
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S«cnoM C— FocsmnY Work 

Not m€ire than four quetiiotiK are to he atlampedin arldUiou to the dtauing aho%m in Figi. 5 and (>, Flttte B, 
MaremarhBum ffiren for netU tketche^ than /or rtujuti and gemral description*, 

1. Describe the mouidinp', uml muke flketehes of the moiilda, of tlic cup of the beariug ahown in Plate A, 
Whiit would bo tbe probable mixttue of the iroo you would tiae for such n eaetmg ? (20) 

2, Show by flketches, aiul explain brieflj^ how yon would mould eithi^r a pipe, 12*' diameter aud 10' long, 
with ordinary flanges, or (2) a hydruulia cruue cjlinder suitable for a ram about 9" diameter, bavin^ a stroke 
of 9'. (20) 

Si. Make aketobe» of a furuaee Huituble for nn iron foundry, Desoribe Iho chaxgiug for a blow suitable for 
Cfistixig steam engine cylindera. (20) 

i, A moderate sized tly wheel is to be eaat with a split bo^. Describe, witb alcetcht?©, the preparation of 
tbe mould and cijres. (20) 

b. Make sketches of a moulding machine suitable for moulding toothed wheels. (20) 

6t Sketch in detail any mould upcm which you have recently worked in the foundry. (20) 

7. Make sketcheii of a mi-chaiilcal tippiDg: ladle ituitable for caet iron. Uive the oompofiition of the lining, 
and show carc^fully how the ping ia wcirkf d. (20) 

N.H* — AH QtndidaUui <tre required io draw th*' alipper. Figs. 5 and ti, PluU B, in Uie looy deacrtbeiL 



CIRCULAR DOMED COVER. 




Fio. 11. 



SiCTIOJf D.— FiTTKJM' AJStD TUBNEBS* WOUK 

Not more than four quettiont are to be atiempisd in addition to tht dratoing ihown in Fig* 5 and (i, riaie B, 
More markg are giren/or neat tkttcket than for vague and general de*tription$, 

1. Describe, with sktichcs, the markiug-off, and the machinintf and turning of tbe central part of tbe cross head (not including tbe gudgeon pin) shown in Figs. 7 
to 9, Plate B. (20) 

2. Describe carefully, and illuetrate witb Mketehes, how you would turn the gudgeon pin shown in Fig. 10» Piute B, and calculate a suitable train for wbeeb ontting 
the thread, assuming the leading screw of the lathe has four threadij to the inch. (20) 

8, Th«^ caetiogtt for the bearing sLown on Plate A are received in the fitting and turning shop. Show, with sketches, and deecribe briefly how you would treat 
Ibem to obtain a true gearing- (2u) 

4. Shr»w how yon would set the D dlide valve of a horizontal eteum engine, (20) 

5. A job, 2-4'' diameter, whicli ean be- fixed t*i a face plate, is to be turned, and the largest latbe in thu shop is u, 10" centre lathe. Show, by skelohes, how 
yon adapt the hithe »n that it am turn the job. bketeh in detail any new pfirts you would require, (20) 

6. A lin<' of abaftin^»3*^ diamttrr, is to be carried on bH_*ariiig«i on brackets tixed to a wall. Describe how you would set the pedestals on the braokets «o that 
they ehail all Im? truly in line. 8ketclt one of the brackets and a pedestal. (20) 

7. A ernnk disk, such m ia fr« quently found on horizontal engines of the overhan|,aog crnnk tyfje, is to be shrunk on and seouretl to the crank shaft. 
£xplain how you would carry out thu work, and how you would fit the key, showiog particBlarly whore the key would be bearing liard when flriishod. (20) 

N.B, — Ail Otndidat^tt are reqi$ired to draw Ihe slipper^ Fign. 5 ami tJ, Plate 5, in the toay demntjfd. 



SiccmoM E.— Smiths' Wome 

Noi more than four qu€*ium» are io be aUempied in addition to the dravdng »hown in Figg, 5 and G, Fhtt B. 
More mofh* are fjivenfor neat tkttcheit than for vague andgtneral detcriptionM. 
1. Describe the' forging of a small cMjnntcting rod, rectangular in section, and the small end of which would be auitablo to work witb the cross bead shown in 
3*l8te B. (20) 
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2. Sketch and briefly describe some form of power hammer. 

3. Describe how you would make a pair of tongs suitable for gripping a round bar 1" diameter. 

4. A round shaft, 8^" diameter, has two flat arms, f thick, 18" long and 2i" wide at the ends, forged solid with it at its ends, 
each other, and at right angles to the shaft. Describe how you would make the forging. 

5. Describe how you would harden and temper : — 

(a) A chisel for chipping brass. 

(b) A twist drill for drilling cast iron. 

(c) A tool for turning mild steel. 

(d) The plates for a flat spring. 

6. Give three examples of drop forging, and explain how the forgings are made. 

N.B. — All Candidates are required to draw the slipper. Figs. 5 and 6, Plate B, in the way described. 



(20) 
(20) 
The arms are at right angles U 
(20) 



(20) 
(20) 



THE END 
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CHAPTER XVIII 
FRICTION GEARING 

ntroduction, 337, Cylindrical friction gears, 337. Coefficients of friction for 
friction gears, 338. Disc or crown friction gear, 339. Jenkins' nest 
gearing, 340. Bevel friction wheels, 340. Double cone ; variable speeds 
S-iction gear, 342. Robertson's wedge gearing, 342. Lewis' engaging gear 
for friction gearing, 344. Thompson's disc sphere and cylinder drive, 344. 
Exercises, 345. 

CHAPTER XIX 
BELT GEARING 

ntroduction, 346. Belt materials, 347. Cotton and hair belting, 34S. India- 
rubber composition belting, 350. Joints in belting, 350. Belt fasteners, 
351. Tullis vee and chain belting, 353. Hendry's laminated leather 
belting, 354. Controlling position of bells on pulleys, 354. Belts and arcs 
of contact, 355. Design of cone step-pulleys, 356. Speed cones, 358. 
Frictional hold of belt on pulley, 359. Effective tension and power trans- 
mitted by belts, 360. Strength of leather belting, 361. Width of belt to 
transmit given horse-power, 363. Influence of arc of contact on width of 
belt, 365. Tension in belting due to centrifugal force, 365. Creeping of 
belts, 367. Thickness of belts in relation to diameters of pulleys, 367. 
Examples of important belts from practice, 368. Limiting distances between 
shafts, 368. Belt tighteners ; tandem drives ; belt drives with shafts not 
parallel, 369. Use of guide pulleys, 370. Counter shaft gear and stepped 
cones, 372. Fast and loose pulleys, 374. Strength of pulley arms, 376. 
Bosses of naves and pulleys, 377. Split pulleys, 377. Wood split pulleys, 
379. Weights of belt pulleys or riggers, 380. Exercises, 381. 



CHAPTER XX 
TEXTILE ROPE GEARING 

Main driving with separate ropes v. with continuous ropes, 384. Rope pulley 
grooves, 386. Friction of rope in pulley groove, 389. Centrifugal tension 
in the rope, 391. Speed of ropes, 391. Strength of textile ropes, 392. 
Factor of safety, 394. Most efficient size of ropes, 395. Crossed ropes; 
working condition of ropes ; protecting ropes against chafe, 396. Construc- 
tion of ropes, 397. Weight of ropes, 398. Leather ropes, 398. Horse-power 
transmitted by ropes, 400. Rope-geared v. spur gearing and belt gearing, 
401. Electrical transmission of power and rope gear ; comparative cost, 402. 
Splicing, rope fastenings, and knots, 404. Exercises, 406. 

CHAPTER XXI 

WIRE-ROPE GEARING 

Wire ropes, 408. Various makes of wire ropes, 409. Strength of wire ropes, 
412. Strength and weight of wire ropes, 415. Diameter of wire rope 
barrel or sheave, 420. Precautions in handling wire ropes ; splicing wire 
ropes, 420. Wire rope fittings and fastenings, 421. Pulleys, etc., for rope 
gearing, 423. Clips, clamp, nippers, slip-hooks, etc., 424. Wire rope 
driving ; telodynamic transmission ; high and low speed, 427. Long 
distance driving, 428. Guide pulleys v, spur gear ; wire rope driving in 
factories and works, 430. Raising minerals from mines ; underground 
haulage, 431. Main and tail rope haulage; cable traction for tramway 
working, 433. Aerial cable ways ; various systems, 434. Wire rope and 
tackle for cranes ; blocks for wire ropes, 437. Wire ropes for lifts and 
mines, 437. Deflection or sag of ropes, 439. Power transmitted, 441. 
Cost and general renurks ; factors of safety, 442. Exercises, 443. 
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CHAPTER XXII 

CHAINS, CRANE HOOKS, £TC. 

iuclion, 445. Strength of iron crane chains, 449. Strength of stutl link 
or cable chains, 451. Steel chains; weldJess steel chain rolled from bar, 
452. Chain fittings ; proportions of chains ; liihricalion of chains, 457. 
Crane books ; proportions of crane hooks, 459* Straining action on a 
crane hook^ 460. Shackles ; strength of circular link or anchor ring, 461, 
Chain sheaves and barrels, 462, Crane blocks, 463, Hemp ropes for lifting 
pnrposes, 463. Exercises, 463. 

CHAPTER XXIII 

STEEL AND IRON TANKS 

Wrought iron and steel v, casl4ron t^nks, 466, Steel and wrought* iron tanks, 
466. Cylindrical cast-imn tanks, 468. Cast-iron lanks j inside v, outside 
flanges, 469. Arrangements of stays or ties to support sides, 472. Tank 
stays ; their tittings and sLte, etc., 475. Thickness of cast-iron tank plates, 
477. Stiffness of plates, 479, Tank plate flanges, 480, Angles of tiinks; 
jointing materials; caulked mst joints, 4S1, Weight of contents; capacity, 
etc., 482. Exercises, 483* 

CHAPTER XXVn 

ENGINE ECCENTRICS 

Eccentrics ; forms of sheaves and llttings, 530. Force required to move a shdc 
valve, 536, Work done in operating a slide valve ; propurtions of sheave, 
538. Strength of eccentric straps, 539. Eccentric rods, 540. Exercises, 540. 

CHAPTER XXIX 

MATERIALS USED IN CONSTRUCTION OF MACHINES, 

STRENGTH OF BEAMS, ETC. 

Ititroduction ; Cast iron, 548. Chemical composition of cast iron, 550. Cold 
blast and hot blast iron, 552. Principal iron ores ; principal kinds of pig iron ; 
strength of cast iron, 553. Strength as affected by the mass of metal, 557. 
Patterns, 558. Castings ; the St^kcly process of casting in metallic moulds ; 
direct castings from the blast furnace, 559. Chilled castings ; malleable 
castings, 560. Wrought iron, 561. Strength of wrought iron, 562, Case- 
hardening, 565. Mitis castings, 566. Alloys of iron and manganese ; 
steel; preliminary remarks; Bessemer steel* 567. Siemens- Martin, or open 
hearth steel ; mild steel, 569. Steel castings, 569. Blister steel ; spring 
steel; crucible cast steel, 570. Chrome steel ; tungsten steel; nickel steel ; 
Whitworth compound steel ; Vickers' steel, 571. Krupp's steel ; effect of 
tempering sted ; special steels ; motor-car steels, 572. Vickers* self- hardening 
steel ; Vickers* case-hardening nickel steel ; Vickers' non-corrodible nickel 
alloy, 574. Vanadium steel, 575. Type A vanadium steel ; chrome 
raimdium spring steel ; chrome vanadium ca5e*hardening steel, 578. 



Chrome vanadium stampings ; Krupp's motor-car steels ; weldable 
car steel, 5S0. Knipp^a special steels, and special nickel steels ; ] 
mild motor-car steel for case-hardening, 581, Krupp's mild nickel J 
for case-hardening, and special spring steel, 588, Tests by torsion ; 1 
speed self-hardening tool steels ; distinguishing tests for iron and sfn 
copper, 5S8, Strength of copper, Elmore's process ; tin, 5S9, Lead, i 
gunmetal or bronze, 590. Phosphor bronze, 591, Phosphor hron« alk 
manganese bronze, 592, Silicon bronxe ; Eatonia castings in alk 
Aluminiam, 593, Aluminium copper alloys, 594. Brass, 595. Mi 
meml j sterro metal ; G edge's metal ; delta metal, 596. Babbitt's wi 
metal; timljer, $97. Oak; teak; ash; elm, 601. Beech; hombca 
mahogany ; tirwoods, 602. Strength of materials and factors of safety, 6 
Moment of resistance to bending, 605. Deflection of beams^ 6o6> 
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HINTS ON DESIGNING MACHINES AND MACHINE FRAMM 

Important points in designing maclunes ; warping and shrinkage of castin; 
611. Designing machine nrames, 6 12. 

CHAPTER XXXI 
SPRINGS 
Helical or spiral springs, 615. Safe load on helical springs ; Boafd of Tn 
rules for helical springs, 617. Plate or carriage springs^ 61S. ~ ~ 
of carriage springs, 6 1 9. 
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CHAPTER XXXII 
MISCELLANEOUS 
Stampings or drop forgings \ standardiring details ; use of limit gauges, 6a 
Limits of error in standard holes, 623. Tolerances in standard holes, 6fl 
Hints on taking out qwantitics, 62S. Specimen quantities, 629. Usd 
data relating to weight of metals ; relative weights of various metab ; fe 
pump for a horizontal enei^e;^ 631. Site or capacity of feed pump^ 6j 
Velocity of the water ; lift of feed pump valves ; thickness 01 feed Pifl 
barrel ; pet valves or cocks ; velocity of the plunger or piston ; eEaen 
of small force pumps of the direcl*acting type, 635. Depth of SQcdm 
ao Ikp. marine petrol motor ; details of the motor — cylinders, halves, pistol 
connecting rods, crank shaft, main bearings, 636. The governor, throft 
regulator, the exhaust pipe, the water circulation, the starting gear, lobiii 
tion, inspection d 00 rSj the carburettor^ 641 » Metric measures and e<jmral< 
British, 646. British measures and equivalent metric; conversion of met 
measures to British ; conversion of British measures to metric ; itrot od 
version, British to metric, 647. Stress conversion, metric to British, 64 
B. of E. Science Examinations in Machine Construction and Drtwii 
1907, Stages J, 2j 3^ and Honours, 649. C, and G. Technological Exil 
nations in. Mechanical Engineering (1907), Ordinary and Honouij "^^ 
655. C. and G» Examinations in Motor Car Engineering (1907), Orr**^ 
Honours Stages, 666. 
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